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ABSTRACT 
 
 Purpose: The purpose of this study was to analyze anatomical spatial limitations of the 
existing bone for maxillary anterior implant placement in normal subjects. 
 Materials and Methods: Fifty Two (52) Cone Beam Computed Tomography (CBCT) 
scans were selected. A 3i Osteotite (6 x 15mm, representing a 4.0 mm diameter implant with 1.0 
mm required bone sleeve) implant was superimposed on tooth positions from the right first 
premolar to left first premolar on reformatted cross sectional mages of maxillary anterior teeth. 
For the first trial, the implant was positioned following the alveolar bone axis. Utilizing Invivo 5 
Software (Anatomage), the proximal overlaps between superimposed implants were evaluated at 
successive vertical steps of 2.5 mm. The prospective crown angulation or PCA (defined as the 
angulation between the crown axis and alveolar bone axis) was measured. The inter-canine 
distance across the arch, the palatal plane length and the palatal bony angulation (defined as the 
angulation between the palatal surface and the alveolar bone axis) were also measured. For the 
second trial, implant positioning followed a prosthetic driven position; the crown axis. The 
crown axis was defined as a line drawn from the midpoint of a line between the mid 
buccal/palatal CEJ to the incisal edge. The crest height and the apical height at which the 
implant's 1mm sleeve penetrated the buccal wall were calculated. 
 v 
 Results: The implant position at the central incisor and lateral incisor presented the 
highest percentage of overlap in both the biologically and prosthetically driven positions. The 
prospective crown angulation in the first trial was higher at the location of the lateral incisor 
compared to the central incisor and canine position. The association between the remaining 
anatomical parameters and the prevalence of overlap was analyzed with bi-serial correlation. 
There was no significant relationship among any of these parameters. When the implant was 
simulated in a prosthetically driven position (second trial), the lateral incisor implant position 
frequently showed buccal perforation at 5mm apical to the buccal crest margin demonstrating 
this position as highly sensitive.   
 Summary: The data demonstrated that the constriction of the alveolar bony volume in 
the anterior maxilla could affect implant placement. Understanding this bone morphology 
suggests a major limitation in the central/lateral positions which might require bone grafting. A 
new unique reference plane was utilized for this study.   
 vi 
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Chapter 1. Introduction 
 
 A dental implant restoration is a common treatment option for replacing missing 
dentition. The implant placement is a surgical procedure and the implant becomes a substitute for 
the root of the missing tooth. Following surgery, the restorative dentist places the crown 
substitute. The surgical procedure for a dental implant includes a hole in the bone (the 
osteotomy), which is made slightly smaller than the implants’ body diameter which allows the 
screw threads to compress the surrounding bone. After a healing period, the implants are 
functionally loaded. This healing time period depends on the relative “hardness” or density of the 
bone at the surgical site and the rate of healing for the individual patient.  
 In order to increase the probability of successful healing after the implant placement, 
previous tests have shown that a minimum of 1 mm circumferential bone is necessary for the 
bone to recover from the surgical trauma of the dental implant placement (Branemark & 
Albrektsson, 1986:  Misch, 2007:  Elian, 2011). This required bone dimension is usually verified 
prior to the surgery by diagnostic examination with a radiographic tool, referred to as a CT or 
CBCT. Both of these radiographic systems reproduce maxillofacial anatomical structures with 
good accuracy and minimal error in three dimensional images (Stratemann, 2011: Kamburoglu, 
2011: Misch, 2006). Providing less radiation at a reduced cost, the CBCT has become the more 
popular diagnostic tool for implant treatment planning (Ziegler, 2002: Worthington, 2010). In 
addition, the development of associated virtual planning software has made it possible to 
superimpose virtual implants on the CBCT scan and clinicians can perform virtual guided 
implant surgery. This combined information can be used to generate a surgical guide, which 
consists of a plastic template with guide sleeves following the trajectory of the planned implant 
position and angulation. This appliance provides the potential to place implants at a more 
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predictable 3 dimensional position with less risk of violating biologic and restorative design 
parameters.  
  Planning of the proper positioning/angulation of the implant is a critical step for 
maximizing the benefits of a surgical guide. The ideal position/angulation of an implant cannot 
be determined as a specific position or angulation but it should satisfy esthetics, biomechanics, 
biology and even the clinician’s preference. As a general rule, it is recommended that the center 
of the implant be located under the center of the respective crown to be restored and be aligned 
with its axis. For a good soft tissue profile the implant needs to be located vertically at a certain 
distance apical to the level of the free gingival margin of the adjacent teeth and at a certain 
distance from the mesial and distal surfaces of adjacent tooth structure. Finally the minimum 
biologic restriction of at least 1.0 mm of a circumferential “bone sleeve” must be satisfied on all 
sides, buccal, palatal, mesial and distal. 
 In the anterior maxillary region the implant is usually positioned slightly palatal and the 
long axis of the implant is angulated palatal to the incisal edge in order to maximize the esthetics 
of the final restoration. The geometry of the alveolar bone anatomy in this anterior region is that 
of a truncated cone. The thin buccal bone which covers the prominent root position of the natural 
tooth is an additional variable to be considered. The variation of inclination and angulation of the 
long axis of a particular natural tooth root increases the level of difficulty in visualizing the 
trajectory of the osteotomy needed to satisfy both biologic and aesthetic demands. To complicate 
the cues for surgical guidance further, observation has shown that the root axes in the maxillary 
anterior incline at different angles when compared to the crown inclinations (Bryant, 1984: 
Tong, 2012).  The restorative demands of an implant restoration are guided by a vision of the 
external crown surface while the surgical demands, due to the need for extra bone cover over the 
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buccal of the implant, force a location of  the osteotomy more to the palatal and within the 
alveolar bone axis. To the authors knowledge there have been no studies or measurements 
comparing the interaction of this “alveolar bone axis” and the crown angulation and ways in 
which this alveolar bone axis can act as a biological limitation in positioning the implant. 
 In this thesis two different trials of virtual implant placement were done to explore the 
conflict between the biologic limits imposed on the surgeon by the bone anatomy and the desired 
crown shape and position envisioned by the restorative dentist. The first trial placed virtual 
implants including a 1.0 mm “bone sleeve” superimposed on natural tooth positions while 
following the buccal lingual “alveolar bone axis.”  The mesial distal proximity of virtual implant 
surfaces to each other at each vertical level was analyzed. The purpose of the first trial was to 
measure and explore how the truncated shape of the anterior alveolar bone plays a role in 
limiting three dimensional implant positioning. This trial (#1) revealed how many contiguous 
implants could be placed in the anterior maxilla without violating the biologic requirements set 
by Albrektsson for 1.0mm of bone on buccal and palatal and at least 2.0 mm of bone between 
implants. The degree of angle correction needed in the implant abutment to achieve the desired 
prosthetic position were then measured 
 The virtual implant placement of the second trial was done following the prospective 
crown axis or the “prosthetically driven position”. While the prosthetically driven placement 
decreases the incidence of mesial-distal proximity or overlap of the 1.0 mm “bone sleeve” it 
creates an increased tendency to penetrate the 1.0 mm safety zone of bone on the buccal wall. 
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Chapter 2. Review of the Literature 
 The literature review will discuss CBCT technology, safety and accuracy. The CBCT 
protocol in Boston University Dental School is explained. After reviewing inclination/angulation 
of teeth in the anterior maxilla, the proper position/angulation of an implant will be explored. 
Following this, the significance of a reference plane, such as occlusal plane will be reviewed. 
Finally the need of a new reference plane which more closely follows surgical requirements will 
be discussed.  
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2.1 CBCT Technology 
2.1.1 Introduction/ History  
 CBCT is a medical device which captures 3 dimensional structures and reproduces the 
information as 2 or 3 dimensional reformatted images. Computer assisted tomography was 
developed by Hounsfield and Cormack in 1972 and the subsequent CBCT technology was 
introduced with the “spatial dynamic reconstructor” (SDR) development in late 1970s. The 
spatial dynamic reconstructor consisted of 28 x-ray sources and detectors, which allowed high 
temporal resolution and fast imaging acquisition. This synchronous volume scanning by multiple 
sources and detectors made possible a three dimensional image of a moving object. The first use 
of CBCT in vascular imaging by the biodynamics research unit at the Mayo clinic was the result 
of this SDR development (Robb, 1980: Scarfe, 2012b). 
 CBCT technology was introduced into dentistry in 1995 and New/Tom DVT 9000 was 
the first commercial CBCT unit from Europe in 1999. With reduced radiation compared to 
medical CT scans but having good accuracy, CBCT has increased in popularity in past decades. 
This technology has been applied to implant dentistry for a variety of purposes including the 
study of anatomic structures, maxillary sinus anatomy, the location of mental nerves, the size of 
bone block grafts etc (Shanbhag,2014: Jang, 2014: Rosa, 2013: Song, 2014). At the present time, 
there are over 20 manufacturers with CBCT scan systems on the market.  
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2.1.2 Comparison Between CT and CBCT 
 CT scanners and CBCT scanners both provide details of three-dimensional objects as 
reformatted 2D and 3D data. Both devices follow the same principle of electronic detection of 
attenuated x-rays instead of using the chemically sensitized coatings on thin plastic films used in 
conventional radiology. The detected information is stored as voxels and reconstructed as a two 
or three-dimensional image. In order to understand CT or CBCT image acquisition, four 
components or steps should be considered; x-ray generation, image detection, reconstruction and 
image display.  
 Axial CT and CBCT have differences in the principal beaming x-ray. The CT machine 
generates a fan shaped x – ray beam which requires multiple revolutions. These multiple x-ray 
revolutions provide a thinner slice with less scatter detection and better soft tissue detail, but this 
requires higher dosage. In comparison, the CBCT machine uses a cone shaped x-ray beam, 
which relies on one revolution and requires a lower dosage but also detects higher scatter. On the 
positive side, CBCT has one revolution with good spatial and temporal resolution and may 
produce less distortion from patient movement compared to CT scanning which requires multiple 
revolutions.  
  The raw data in the CT system is an axial cut or a slice from a thin, fan shaped geometry 
of X-ray beaming while the raw data in CBCT system resembles a cephalometric radiograph 
following a cone shape beam.  The raw data in CBCT consists of millions of pixels and the 
complete series of this raw data is reconstructed as the projection data which the clinician utilizes 
during clinical procedures  (Scarfe 2008: Scarfe 2012a). 
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2.1.3 CBCT Safety and Radiation Exposure 
 The use of CT and CBCT imaging devices is generally thought to be safe but because of 
the possible cancer risk from radiation it is stressed that there should be as little exposure as 
possible (Michel, 1999). The effective dose, or effective exposure dose, is a number calculated 
for cancer risk from radiation and is based on weighted radiosensitive tissue characteristics. The 
unit of this risk is noted as a Sievert (Sv) or microSv where 1 Sievert is considered to be a 5 - 
5.5% chance of developing cancer, when it was calculated in a linear fashion (Robert, 2009). 
One of benefits of CBCT imaging is that it requires lesser radiation exposure to patients 
compared to the CT.   
 The following relative values were calculated based on 1990 international commission on 
radiological protection factor (ICRP factor). The effective dose of full mouth x-ray series (FMX) 
is around 34 to 144 microSV (less than 8 microSV per film) and the dose for Panoramic (PANO) 
radiography is around 30 microSv. The effective dose from CBCT scanning varies from 5 
microSV up to 1073 microSV depending on the setting such as size of field of view (FOV).  In 
comparison the CT scanning for a human skull requires 1202 to 3324 microSv with an average 
of around 2000 microSv (White, 2004).  
 In 2007, the ICRP factor was updated including more organs which were sensitive to x-
rays (Protection, 2007).  The new calculated effective dose of the I-Cat machine (PA, USA), a 
CBCT brand which was used in this study, had a mean of 133 mSv compared to 39.5mSv as a 
previous effective dose with the FOV setting of a 13 cm. As evaluated, the calculated effective 
dose increased from 1990 to 2007, but the new ICRP suggested that fatal malignancy from a 
CBCT scanning of the jaws was between 1 in 100,000 and 1 in 350,000 and represents a very 
low cancer risk from CBCT scanning (Roberts, 2009). 
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2.1.4 CBCT System Setting  
 The setting of the CBCT scanner can vary with the frame rate, rotation of arc and size of 
voxels.  The frame rate is the number of images acquired from the detector per second and a 
better image quality will be obtained using a higher number of samples recorded. Increasing the 
frame rate will minimize noise and reduce screen interference from metallic artifacts, but it also 
requires longer reconstruction time. The detector speed and ability to record sample determines 
the frame rate. In this study, the CBCT was taken with I-Cat system, which incorporates a silicon 
flat panel sensor. 
 The arc of scanning, or rotation of arc, can be set between full arc and partial arc, from 
180 degree to 360 degrees. Generally increasing rotation arc will allow better image quality but, 
the usefulness of full arc scanning for diagnostic purpose is still debatable. For instance, a study 
comparing the accuracy between arc size of 180 degrees and 360 degrees showed no difference 
in sensitivity of periapical lesion diagnosis (Lennon, 2011). However this sensitivity test was 
limited to the smaller FOV in dried skulls. Generally it is believed that the shorter arc may 
produce greater noise (Scarfe, 2008).  
 The voxel or cubed shape of the digital information in CBCT is isotropic meaning that 
the width, the height and the depth are in the same length. The voxel size represents the 
resolution capacity of CBCT scans. This setting can be chosen from as small as 0.125 mm to 0.4 
mm in I-CAT machine. It is selected depending on the clinical purpose. This voxel size, in turn, 
depends on the pixel size on the detector (Scarfe, 2012a). The previous studies regarding linear 
measurements and the voxel size showed that the smaller voxel would give better accuracy, but 
Moshfeghi demonstrated that voxel size is not highly significant at this level for dental use 
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(Moshfeghi 2013: Patcas, 2015: Menezes, 2016). Generally 0.25 mm voxel size is an acceptable 
size in dentistry (Thonissen, 2015). 
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2.1.5 Accuracy CBCT of Image Production   
 The accuracy of CBCT was measured to be within 0.1mm of actual size reproduction in 
an in vitro study. Comparing the accuracy of two CBCT Units, NewTom QR DVT 9000 (FL, 
USA) and Hitachi Mercuray (Tokyo, Japan) with a physical caliper, the errors were 0.07 +_0.41 
mm for NewTom and 0.00+_0.22 mm for Mercuray compared to the caliper measurement 
(Stratemann, 2011). Kamburoglu compared Iluma CBCT units (OK USA) and 3D Accuitomo 
(Kyoto, Japan) units and also showed good accuracy of CBCT scans compared to physical 
caliper (Kamburoglu, 2011).    
 With the high level of accuracy, the CBCT can be used for various clinical needs 
(Worthington, 2010). The accuracy increases with a higher exposure time or a smaller voxel size. 
However, other factors can influence the accuracy, such as the various attenuation from each 
tissue layer, the object located outside of the FOV and the ability of software to reformat images  
 The head and neck region consists of many soft and hard tissues with various thicknesses 
having various attenuations. The attenuation is detected in the pixel of the detector and depicted 
as different shades of color on the computer screen. The number of shades presented in each 
pixel is counted as a number of bits, also called a bit depth. When the detector can distinguish 
more depth of bits, more detailed attenuation can be depicted.   
 The CBCT has a setting as 12-16 bit depth compared to the human eye which as a 
practical consideration can only distinguish up to 10 bit. The computer screen only allows an 8- 
10 bit of scale. The reconstruction software can influence the expression of the bit depth by 
changes in various values of gray. The utilization of appropriate software can maximize the 
accuracy and a good quality of computer screen or display may play an important role in 
accuracy (Kimpe, 2007).   
    11 
 The CBCT application taken for the maxillofacial region is centered on a FOV at 3 to 4 
mm anterior to the condyle of the mandible. This FOV is smaller than an entire human skull with 
smaller regions of interest. One source of error may be from an object presenting outside of 
FOV, which can affect shades of the image inside the FOV (Bryant, 2008). Calibration may 
minimize this source of errors.  
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2.1.6 Present CBCT Technique in Boston University Dental School  
  CBCT scanning is done by one x-ray technician. Chin and head rests are used to stabilize 
the patient’s head for the procedure. The head position is then secured with Velcro. Various aids 
are used to assist alignment. For the dental purposes the occlusal plane is used as an internal 
reference line and the scan is aligned parallel to this plane. This line and head position is 
confirmed by a quick snap shot before full scanning.  For the external alignment, vertical and 
horizontal laser lines are utilized to confirm the patient’s head position in the CBCT scanner. A 
vertical line is aligned with the mid line of the face and a horizontal line is located around the 
vermilion border of the lips.  
 Depending on the clinical purpose the scan is done with the occlusion or bite relationship 
of the teeth open or closed. For example, for orthodontic evaluation the MIP (Maximum 
Intercuspation Position) is used for the patient’s occlusion. For some oral diagnostic purposes, a 
bite block is used in order to specify the location of the condyle and to evaluate the TMJ in 
different positions. For implant procedures a surgical guide is fabricated prior to scanning.   
 The time of exposure can be varied but it is usually around 27 seconds. The FOV can be 
as large as 17mm to capture full facial structure for orthodontic procedures but a lesser size 
scanning is used for other clinical procedures. The voxel size is also changed depending on the 
purpose of CBCT scan use and it varies between 0.125 mm to 0.3 mm size. 
 For implant analysis axial sections of CBCT scans parallel to the plane of occlusion are 
created by scan alignment parallel to the occlusal plane and as close as possible to a right angle 
to the axis of the body (the vertebral column) or by adjustment of volumetric data after 
acquisition in the software. The axial slice thickness is determined by the x-ray technician. A 
middle slice in the series of axial slices is projected on the desktop and the arch curvature 
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reference line is created by the technician by placing points at several locations within the center 
of buccal and lingual borders of the middle axial image. A reference line is drawn to connect 
these points. This curved arch line is then superimposed at right angles on the axial slices to 
format the panoramic images. Cross sectional reformats are then produced at right angles to 
these re-collected panoramic curves. These reconstructed cross sectional reformats are then at 
right angles to the plane of occlusion. 
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2.2 Inclination/Angulation of Teeth 
 The terms inclination and angulation refer to a natural tooth positioned in the alveolar 
bone relative to a reference plane. This inclination/angulation has been measured for the crown, 
the root, or the full body of the tooth, but most frequently the clinical crown has been the focus 
for orthodontic purposes. For dental implant procedures the study of the alveolar bone axis and 
angulation is important because this represents the biologic base for the implants connection or 
osseointegration. In this thesis the simulated positioning of implants was done following the root 
angulation in mesio-distal direction and either the alveolar bone axis or the crown axis in buccal 
lingual direction. Prior to investigating the comparison between the alveolar bone axis and the 
crown axis the following review section will briefly discuss the inclination/angulation of the 
crown, the roots, the full body of a tooth and then review the current concept of implant 
positioning. 
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2.2.1 Crown Inclination/Angulation   
 There is no exact definition of the ideal crown inclination/angulation. In 1972, Andrews’s 
cross sectional study defined the inclination (torque) as the buccal and lingual direction of the 
crown using the tangent line on the mid buccal surface of the crown. The angulation (or tipping) 
was the mesial distal direction of this same line relative to the plane of occlusion or 
intercuspation. The internal long axis of the crown was said to parallel this mid-buccal 
developmental ridge but using this reference plane has limitations for the measurement of 
inclination/ angulation because the plane of occlusion can vary from flat to curved. The 
measurement of inclination and angulation was measured on a dental cast in order to find normal 
distribution.  
 The angulation (mesial/distal tipping) of crowns was described using plus and minus 
numerics in Andrews study. The plus numeric indicated that the gingival portion of the long axis 
of crown was distal to the incisal tip portion and negative degrees were assigned when gingival 
portion of the long axis of crown is located at the mesial to the incisal tip portion. In the anterior 
maxillary dentition the recommended angulation for each tooth varied between 3 to 13 degrees 
depending on the tooth location and orthodontic prescription.   
 The angulation of the crown (since it describes the medial-distal tipping) determines how 
much room each tooth can have in a given arch. It affects the esthetics and influences posterior 
occlusion. The inclination of anterior crowns also influences posterior occlusion and severity of 
the anterior overbite. Moreover, the inclination influences the inter root distance, but this is not 
clearly defined (Pontes, 2015). 
 Many authors recommended slightly different ideas for the ideal or normal inclination 
and angulation (Andrews, 1972: Roth, 1987: Pontes, 2015). This variation in concept was then 
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translated into different orthodontic prescriptions. Generally it was agreed that anterior incisor 
crowns showed a tendency to be proclined (tipped to buccal) and was marked as positive 
numeric degrees while from canine to posterior teeth the lingual inclination was marked as 
negative degrees. 
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2.2.2 Root Inclination/Angulation  
 Although inclination and angulation of crowns was heavily studied in orthodontics roots 
were less emphasized. Dempster (1963), however, analyzed 11 human skulls for the 
inclination/angulation of roots. The “Plane of alveolar margin” was used as the horizontal 
reference plane, which was defined as a plane created from 3 points at the alveolar bone level of 
the central incisors and the two first molars. Based on this reference plane, the inclination of the 
root was measured as how much each root was tilted using anatomic terminology instead of 
tooth references for the directions of anterior, posterior, medial and lateral to the skull. Zero 
degree inclination meant that a root was slanted to the anterior and 180 degree meant the root 
was pointed toward the posterior direction. A positive degree meant that the root was slanted to 
the lateral direction and negative degree meant that root was slanted toward the medial direction. 
This required observation of the root from a coronal direction. Interestingly most maxillary teeth 
showed positive numbers meaning most roots were slanted to the lateral, except the disto-buccal 
and mesio-buccal root of the first molar. The roots of anterior maxillary teeth showed generally 
lower numbers compared to the posterior teeth but among other anterior teeth, the lateral incisor 
root was observed to have slightly higher degree of inclination meaning the lateral incisor root 
was slanted in or toward the lateral direction but also slanted more posteriorly compared to other 
anterior roots.  
 In order to measure angulation of the root a vertical plane was fixed perpendicular to the 
“plane of alveolar margins” noted above. The angulation of roots was then defined as “the 
number of degrees that the root axis sloped beyond this vertical plane.” The root axis of central 
or lateral incisors was 29 degrees; canine was 20 degrees and of posterior teeth was 8 to 13 
degrees (Dempster, 1963). 
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2.2.3 Crown-Root Angulation  
 Since the tooth shape and the angulation of roots have been shown to be very diverse 
there have been several trials to measure the difference in angulation between the root long axis 
and the crown long axis (Taylor, 1967).  
 Bryant (1984)  measured the difference between the axis of the crown and the axis of the 
root on extracted central incisors. The crown axis was defined as a line drawn between the 
middle of the line connecting the midpoint of buccal/lingual CEJs and the incisal edge. The root 
axis was defined from the midpoint of buccal/lingual CEJs to the root apex. The difference 
between the crown and root axis or “collum angle” averaged 178.87 degree. His study showed 
that there was no significant association between Angle classification and the crown/root 
angulation, except class II div 2 (Bryant, 1984).  Harris (1993) performed a similar study by 
analyzing a cehphalogram. The outcome was different as the class III occlusions were associated 
with a smaller crown-root angulation but other occlusal relationship such as class I or class II did 
not show a strong association with crown-root angulation.   
 Recently Loenen (2005) measured the crown/root angulation from extracted teeth. In his 
study the crown axis was defined as the buccal surface of the crown (unlike Bryant et al) and 
included both canine and the central incisors. It showed the variation of central incisors was from 
170 to 194 degree with mean value of 183.9 degree. The maxillary canine showed mean crown 
root angulation of 183.0 degree with range of 167.0 to 195.3 degree. As a group all of these 
studies emphasized that there were variations of crown-root angulation (Collum Angle). The 
relationship with this angulation to other anatomical structure or occlusion is not clearly 
understood.   
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2.2.4 Long Axis of the Tooth Inclination/Angulation  
 Tong (2012) measured the tooth inclination and angulation from the long axis of the teeth 
against the occlusal plane by using CBCT scans. In his study the long axis of the each tooth was 
defined as a line created between the center of crown and the center of root which was generated 
from vector analysis software. The occlusal plane in his study was defined as connecting the 
bisecting points of the anterior overbite at the central incisor location to the posterior overbite at 
the two first molar locations.  
 The angle of the long axes of teeth was measured as faciolingual inclination and 
mesiodistal angulation. The mesiodistal angulation of maxillary central incisors was 6.03 and 
5.79 degree while faciolingual inclination was 33.03 and 33.96 degrees on the right and left 
central incisors respectively. The lateral incisors presented similar measures. At the canine 
position, mesiodistal angulation was 11.99 and 10.79 degree and faciolingual inclination was 
20.33 and 21.18 degree on the right and left respectively. The maxillary first premolar was 7 to 8 
degree angulated from occlusal plane and 5 to 6 degree facially inclined. The maxillary second 
premolar was viewed as almost perpendicular to the horizontal plane. The findings from this 
study were comparable to other previous studies (Tong, 2012). 
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2.3 Position/Angulation of Implants  
2.3.1 Implant Position Relative to other Teeth or Implants    
 The ideal implant position is hard to define and various factors need to be considered. 
The following is a current understanding and recommendation. Generally, dental implants are 
recommended to be positioned at a certain distance apart from adjacent structures leaving certain 
increments of bone and vascular supply intact but also located within the space under the 
respective restoration. Mesiodistal, a minimum 1.5 mm apart from natural tooth structure or a 
minimum 2 mm apart from adjacent dental implant has been recommended (Tarnow, 2000: 
Tarnow, 2003: Elian, 2011). Apico-coronal, the restorative platform should be 3 - 4 mm apical to 
the adjacent free gingival margin for development of, or transition to, an emergence profile  
(Jivraj, 2006). 
 Relative to soft tissue surfaces the junction between the implant and gingival tissue 
consists of an epithelial attachment and a connective tissue attachment like that of the 
dentogingival junction of the natural teeth and gingiva. This biologic width around an implant 
may show slightly increased length (Linkevicius, 2008). Compared to the teeth the biologic 
width of the implant is influenced by various factors such as the micro-architecture of bone 
surrounding the implant, the micro-thread design of dental implant and the interface location of 
the implant abutment connection. (Park, 2010).  
 A certain thickness of peri- implant soft and hard tissue is necessary for long term 
success of an implant. It is often recommended that there be a minimum 1 mm of surrounding 
bone. The soft tissue should be healthy but not have deep probing depth. An excessively 
submerged implant will require a longer crown length and a deeper probing depth around the 
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implant collar which is an unfavorable factor/indicator for the long term prognosis including 
unfavorable biomechanics and an undesirable microbial environment (Rams, 1984).  
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2.3.2 Implant Angulation  
 The long term biomechanical success of the implant restoration depends on both the 
angulation and the position of the implant. Minimizing lateral forces is key for successful long 
term implant prognosis (Weinberg, 1993). When the axis of a dental implant deviates from the 
direction of the occlusal forces an angled abutment can be used to compensate for the prosthetic 
appearance. Finite element analysis has shown that off axis implants generate more strain to the 
marginal bone, compared to an implant placed with its axis perpendicular to the occlusal load 
(Hsu, 2007). Labial angulated implants may compromise esthetic outcomes and create a higher 
probability of subsequent recession related to thin buccal bone and soft tissue (Funato, 2007: 
Koyano, 2015).  
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2.3.3 Anatomic influences on the Implant Position/Angulation 
 Implant positioning is influenced by morphologic changes which occur during the 
alveolar bone remodeling after tooth loss. Alveolar bone loss is usually more prominent on the 
buccal aspect (Amler, 1960: Pietrokovski, 1967). This buccal bone loss can be partially avoided 
by “socket graft” technique on the day of extraction. There are multiple studies which show that 
the socket grafting can prevent the buccal bone loss compared to no treatment (Nevins, 2006: 
Araujo, 2005: Crespi, 2014).  
 The goal of this bone grafting is to place the implant as close as possible to a 
prosthetically desirable position and to have the implant surrounded by a minimum 1mm of 
circumferential bone. In the anterior maxilla, the alveolar bone has a truncated cone geometry 
with a regular curved, inner palatal surface  and a variable, undulating outer buccal surface 
which is the  result of several eminences and fossae (Dibart & Price, 2011). 
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2.4 Reference Plane  
  Definition of the reference line or plane is a critical step prior to measurement. 
Depending on the type of reference plane decided upon, the measured distance or angulation 
may and may not be precise or reproducible or not. The proper selection of a reference plane, 
therefore, allows a gain in precision of measurement, an increase in the reproducibility of studies 
and the increased possibility of transfer to a clinical application.  
 
2.4.1 Reference plane as Occlusal Plane  
  Depending on study materials and the purpose of studies there have been various 
reference planes used in dental research. Andrew (1972) used dental casts in order to measure the 
crown angulation/inclination with reference to the occlusal plane. Dempster (1963) used an 
“alveolar bone margin” as a reference plane in his study of the root angulation/inclination. Harris 
(1993) used cephalograms in order to measure the angulation between crown and roots which 
were overlapped images from the right and left at the mid sagittal plane.  
 The most frequently used reference plane in dental research is an occlusal plane because 
of its usefulness in clinical application. Even though it may be altered during the course of 
growth or orthodontic treatment this plane is considered as a stable plane (Kau, 2014). In 1948, 
Downs introduced the bisected occlusal line as a line established by bisecting the point of the 
overlap at the disto buccal cusps of the first molars and a bisecting point of the overbite at the 
central incisor from a cephalogram. Tong (2012) observed inclination/angulation of teeth by 
adapting this occlusal line as the reference plane in the 3-D software. 
 There have been modified occlusal planes used for clinical and research purposes. The 
functional occlusal line was introduced by Thayer in 1990. This line was drawn in a cephalogram 
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between the overbite of the molar and that of premolar. Compared to bisected occlusal line of 
Downs the functional occlusal line on the cephalogram has the advantage of minimizing errors 
produced by various depths of the curve of Spee. Other examples of using a modified occlusal 
plane are those of Ogawa (1998) who used mandibular incisors and molars instead of the 
maxillary dentition and Rosati (2012) who used only maxillary incisors and molars. 
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2.4.2 Reference Plane with 3 D Imaging System  
 Development of a 3-D imaging system provides more detailed information to clinicians. 
CBCT scans give reformatted images which have minimized overlapping. When measurement 
from raw data of CBCT scans (which resembles a cephalogram) were compared to reformatted 
image, the reformatted images have significantly greater accuracy of linear measurement (Gribel, 
2011).  
 During the CBCT scanning at BUSDM, the horizontal alignment was lined up with the 
occlusal plane. Recent computer software has the ability to transform a primary data (made from 
occlusal plane) into primary reconstruction images and secondary reformatted (multiplanar 
reformations (MPR’s)) images. The MPR’s images are  frequently constructed from cross 
sectional images of a panoramic cut which has a reference line following the dental arch. These 
secondary reformatted images have been shown to be as accurate as the primary reconstruction 
image (Scarfe, 2012a). 
 A different reference plane can influence the linear measurement on a CBCT was tested. 
Tomasi utilized a dry skull and a 45 degree difference of reference planes for taking CBCT. He 
found 0.4 mm difference in linear measurement. Dantas compared different reference planes and 
found that there was less than 10% difference in distortion. He emphasized the importance of 
analyzing the created oblique image (Tomasi, 2014: Dantas,2014). Further discussion regarding 
the reference plane on CBCT scans will be done in Chapter 5.3.  
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Chapter 3.  Materials and Methods 
3.1 Overview/ Inclusion and Exclusion Criteria  
 The study protocol was approved by the Institutional Review Board of Boston University 
Medical Center (BUMC). A radiology technician from Boston University School of Dental 
Medicine (BUSDM) selected CBCT scans of 52 patients. The selection criteria included scans 
which had been taken for treatment or diagnosis at BUSDM from 2008 to 2014. The patients 
ranged in age between 18 and 64 years. The CBCT scans were required to include intact 
maxillary anterior dentition from the right first premolar to the left first premolar. Patients who 
had a previous implant procedure or a history of orthognathic surgery or malpositioned teeth, 
such as crowding, transposition or spacing related to the area of study were excluded. Other 
exclusion criteria were a history of oral cancer and abnormal growth related disease, such as 
dwarfism, gigantism or Paget’s disease. Patients who had a missing tooth in the maxillary arch at 
the second premolar, first or second molar location or who had a minor rotation of teeth were 
included. 
 The CBCT unit was configured with parameters of 120 Kv, 5 mA and 27 seconds. FOV 
(field of view) was selected as 6 x 13 cm and the voxel size was 0.25 mm. The CBCT scanning 
followed the protocol of the BUSDM Radiology Department. (See Chapter 2.1.6)  All of the 
CBCT scans were taken with an I-CAT machine for this study. The data was exported in 
DICOM format and viewed with Invivo 5 software (Anatomage). All scans were pre-selected by 
the radiology technician using the inclusion and exclusion criteria and the patient’s private 
information was protected. The virtual planning of implants and all the measurements were done 
by one examiner.   
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3.2 The Initial Orientation of the CBCT scan  
 The orientation of the CBCT scan was fixed at three different planes; sagital, frontal and 
horizontal. There have been no studies to determine if the pre-fixed orientation of CBCT scans 
will provide significantly greater accuracy but the method in this study was proposed to 
maximize the reproducibility of virtual implant placement. 
 In the mid sagittal plane the CBCT scan was rotated until the reference line was aligned 
with a line made from anterior nasal spine to posterior nasal spine (Fig. 1). 
 In the frontal plane the CBCT scan was rotated until the reference line was aligned with a 
line made between right and left central fossa of the first molar (Fig. 2).  
 In the axial plane the CBCT scan was rotated until the reference line was aligned with a 
line created from the mid-point of the incisive foramen to the mid-point of the odontoid process 
from the C2 vertebra. (The odontoid process is called a pivot axis during the rotation of the head 
and this anatomic structure is least influenced by rotational movement of the head (Fig. 3). 
 
 
Fig. 1. The orientation of CBCT scan in the sagittal plane 
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Fig. 2. The orientation of CBCT scan in the frontal plane 
 
 
 
  
 
 
Fig. 3. The orientation of CBCT scan in the axial plane  
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3.3 The Palatal Plane Length  
 The mid sagittal sectional view was aligned to include the inter proximal contact point of 
the central incisors (#8 and #9). The palatal plane length was measured from the anterior nasal 
spine to the posterior nasal spine upon from this view (Fig. 4). 
 
 
 
 
Fig. 4.  The measurement of the Palatal Plane length 
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3.4 Inter-canine distance  
 The inter-canine distance was measured as the shortest distance between cusp tips of  
teeth #6 and #11 from a frontal plane view. The view was chosen as a frontally sliced image 
including bilaterally clearly visible canine cusp tips bilaterally (Fig. 5).  
 
 
Fig. 5. The Inter-canine distance measurement. In the frontal view, canine cusp tips are 
bilaterally visible and the distance between them was measured (dotted line). 
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3.5 Implant System Selection  
 Implant placement was simulated over each tooth position from the right first premolar to 
the left first premolar (#5 to #12). The test implant, superimposed on each tooth, was a 
cylindrical 3i Osseotite with 6 mm diameter and 15mm length. This implant body provides a 
slight taper at the apical third.  
 The 3i Osseotite implant is a standard implant system which has various sizes from 3.4 
mm diameter to 6 mm diameter at the platform level. The specific implant chosen for this study 
has a 6 mm diameter at the platform level (restorative platform).  The shape of implant body was 
very similar to a parallel walled cylinder but the 6 mm diameter was tapered to 4.1 mm toward 
the apex. The detailed information of the implant body size was not be provided by the 
manufacturer, nor was thread depth, width and the level of the tapering (Fig. 6).  
 The size of implant selected was the 6 mm diameter at the platform and 15 mm length. 
The rational for using the 6 mm diameter implant instead of a standard 4 mm commonly used in 
these sites, was that a 6 mm diameter represented a 4 mm diameter standard size implant with a 1 
mm circumferential “bone sleeve”. The 15mm length was chosen because this was the longest 
implant present in this system and this would minimize the tapering effects of the implant at the 
apical end. 
 
 
Fig. 6. Example of the 3i Full Osseotite Implant. The diagram showed various size of 3i 
Osseotite implant.  
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3.6 First Trial: Implant Positioning Following the Alveolar Bone Axis 
 The 3D position of the individual virtual implant was acquired by adjustment from three 
different cuts until it satisfied the following tooth/bone references. In the cross sectional view 
made along the implant long axis the implant restorative platform was located vertically 2.5 mm 
apical to the palatal CEJ of the respective tooth (Fig. 7). This 2.5 mm distance simulated the soft 
tissue depth present around a natural tooth from CEJ to the bone level. Using the palatal bone 
margin instead of the buccal bone margin was more clearly visualized in the CBCT scan. It is a 
more stable bone level clinically and can be consistently referred to during the implant surgery. 
The buccal/lingual axis of the implant angulation paralleled the root axis but was displaced 
inward to follow the midline between the buccal and palatal bone plates -the alveolar bone axis. 
(The mid-line of the alveolar bone axis was determined by two points equidistant from each 
external boney surface -buccal and palatal- at the vertical levels of 2.5 mm and 7.5 mm from the 
level of the virtual implant restorative platform.) This alveolar bone axis was the position needed 
to satisfy our biologic requirement for the diameter of a 4.0mm implant plus a 1.0mm “bone 
sleeve” on the buccal and palatal. 
 In the axial view the midline from the virtual implant restorative platform and the midline 
of the tooth root were aligned with each other. In the frontal view the mesio-distal axis of 
angulation followed the midline between the mesial and distal surface of the respective tooth 
root. This midline was determined by two points equidistant from the mesial and distal surface of 
the  root at the vertical level of 2.5 mm and 7.5 mm from the level of simulated implant 
restorative platform. When the root structure shown in the sagittal view was shorter than 7.5 mm, 
the apex of the tooth was used for determining the midline. Following this method an implant 
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was superimposed onto each tooth position following the root angulation mesiodistal and the 
alveolar bony axis buccal-lingual (Figs. 7 and 8). 
Fig. 7.A. 
 
Fig. 7.B. 
 
Fig. 7. Tested Implants on Cross Sectional View. Fig. 7.A: A tested implant superimposed on 
the lateral incisor position along the alveolar bony axis. Fig. 7.B: A tested implant superimposed 
on the first premolar position along the alveolar bony axis. 
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Fig. 8. Implant Positioning For the First Trial. Implant was positioned and confirmed the 
location from each views; axial, cross sectional and sagittal view. 
  Fig. 8.A. The axial view confirmed midlines from the root and implant were aligned together.   
  Fig. 8.B. The cross sectional view confirmed implant was angulated following the alveolar bone   
               axis buccal-lingual.  
   Fig. 8.C. The sagittal view confirmed that the implant was angulated following the tooth root  
                angulation mesio-distally. Because implant angulation followed the alveolar bone axis  
                in the buccal lingual direction at that site, the natural root structure shown in the  
                Sagittal cut was at an oblique angle. With this angulation, the root structure presented  
                less than 7.5mm and the apex was used for determining root angulation mesio-distal.  
 
  
Fig 8.A  Fig 8.B  
Fig 8.C  
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3.6.1 Implant Diameter Measurement  
 The vertical steps of the implant were chosen along the long axis of and at right angles to 
the simulated implant at 2.5 mm increments from the platform up to a 10 mm apical level (0, 2.5, 
5.0, 7.5, 10.0 mm). Since the 3i company would not provide implant body dimensions the 
diameter of the test implant was measured at the each vertical step from the CBCT scans. The 
diameter at the platform collar level was measured as approximately 6 mm. Between the 2.5 mm 
to 7.5 mm of the vertical step; the diameter was measured as 5.5 mm and at the 10 mm vertical 
step, the implant was tapered to 5.3 mm in diameter.   
 It should be recalled that this 6 mm platform size implant was used to simulate a 4 mm 
diameter of implant with 1 mm sleeve “bone sleeve” so this model actually simulated a 4.0mm 
implant with a diameter of 3.5 mm or 3.3 mm diameter at the higher vertical levels (Fig. 9). 
 
Fig. 9.A 
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Fig. 9.B 
Fig. 9.C 
 
Fig. 9. Measurement of the Implant Diameter.  Implant diameter was measured at vertical 
steps from the platform level of 2.5 mm.  
 Fig. 9.A. The implant diameter was measured at the vertical step of platform level. 
 Fig. 9.B. The implant diameter was measured at the vertical step of 2.5 mm level.  
 Fig. 9.C. The implant diameter was measured at the vertical step of 10 mm.   
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3.6.2 Measurement of Overlap between Implants 
 After each implant position was simulated starting with the vertical position of the 
restorative platform set at 2.5mm apical to the palatal CEJ and following the alveolar tooth/bone 
axis buccal-lingual and tooth root angulation mesio-distally the vertical level of mesial-distal 
overlap between the superimposed implants was measured. The presence of overlap from the 
individual axial images at each vertical step was counted and the incidence (percentage of the 
overlap) at each vertical level was calculated. Non overlap in this first trial meant that adjacent 
4.0 mm diameter implants following the alveolar bone axis and mesial distal root angulation 
would satisfy the biologic demands of a surrounding 1mm bone volume to withstand the effects 
of surgical trauma and that the inter-implant distance would be at least 2 mm (At different 
vertical steps the represented implant diameter would be 3.5 mm or 3.3mm.) (Fig. 10). 
       
Fig. 10. Measurement of Overlap between Implants. The axial view was reformatted from the 
perpendicular slice to long axis of simulated implant. The implant on lateral incisor location was 
marked as a red circle and the implants from the canine and central incisor location had overlap 
with the implant on the lateral incisor location. 
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3.6.3 Measurement of Prospective Crown Angle (PCA) 
 The purpose of individual implant placement is to replace the root structure of a tooth in 
order to restore the crown in its natural position. At the center of implant platform, there is a 
screw connection between the implant body and a variably angulated abutment. The angulated 
abutment compensates for the discrepancy between the angulation of the implant body dictated 
by the available boney housing and the stipulated biologic demands for 1mm of circumferential 
bone and the inclination/angulation of the prosthetic crown. This compensation accommodates 
the requirement for bio-material dimensional needs of the crown to achieve an aesthetic and 
functional outcome. 
 However, there have been few studies on how much angle correction of abutment is 
needed for the prosthetic crown when the implant is placed along the alveolar bone axis. In this 
first trial PCA (prospective crown angle) was defined as an angle created between the axis of 
superimposed implant and the line drawn from the center of implant platform to the incisor tip or 
to the central fossa of premolar. The implant in this first trial was positioned along the alveolar 
bone axis and followed the medial-distal root angulation. The assumption of this measure was 
that the existing patient’s natural crown would be the imitation of a future implant supported 
restoration (Fig.11). The higher PCA meant that the angled correction of the abutment for the 
restoration would be greater. 
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Fig. 11. Measurement of the Prospective crown angle (PCA). PCA was measured as an angle 
created between superimposed implant axis and the line drawn from the center of implant 
platform to the incisor tip or central fossa of the premolar. 
 
 
  
PCA 
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3.6.4 Measurement of Palatal Bone Angulation (PBA)  
 For the purpose of this study the palatal bone angulation (PBA) was defined as the angle 
between the alveolar bone axis and the palatal bony surface. Compared to the buccal bone 
surface the palatal bone tends to have thicker cortical plates and is considered to be more 
resistant to the trauma of extraction. The palatal bone would be a more stable landmark 
compared to the buccal plate which is thin and has more variable resorption after extraction. The 
angulation was measured between the simulated implant axis and the palatal bony surface which 
was derived by connecting two points on the palatal bone surface at the vertical step of 2.5 mm 
to 7.5 mm. A higher angulation represented an alveolar process which was divergent toward the 
apical direction (Fig. 12). 
 
 
Fig. 12. Measurement of Palatal Bone Angulation (PBA).  The PBA was measured between 
the palatal bony surface and the simulated implant axis. 
  
PBA 
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3.7 Second Trial: Implant Positioning Following the Prosthetic Crown Axis   
 A second set of implant positionings were simulated over each tooth position from the 
right first premolar to the left first premolar (#5 to #12) following the existing crown axis. The 
implant superimposed on each tooth was the same size and brand as the implant used for the first 
trial. The location/direction of implant simulation was confirmed with fine adjustment from three 
different cuts (axial, cross sectional and sagittal cuts) until it satisfied the following prescription. 
Each reference plane was made from the long axis of the implant as in the first trial. However in 
this trial the implant was superimposed onto each tooth position following the crown axis buccal-
palatal while mesio-distally it followed the same root angulation used in the first trial.  
 In order to arrange the prosthetically driven position for the implant the platform location 
followed the location (mesial distal and buccal lingual) of the emerging root. This was confirmed 
by an axial view showing that the midline dividing the mesial and distal half of the root was 
aligned with the mid line of the implant restorative platform.  
 In the sagittal view, for the mesio-distal angulation the same approach as the first trial, 
which was following the midline between the mesial and distal surface of the respective the root, 
was done (see 3.6.2 and Fig. 13). 
 The main difference between the first and second trial was the guidance used for the 
buccal lingual angulation.  Based on the Bryant study (see 2.2.3) the buccal-lingual crown axis 
was defined as a line drawn from incisal edge to the midpoint of a line connecting the buccal and 
palatal CEJ midpoints. In this trial the crown axis was aligned with the implant axis in cross 
sectional view. (See Fig.13 C) Using the incisor edge as reference point meant that the implant 
crown for the test implant could be cement retained with minimal or no need of angulation 
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correction. For the first premolar, the central fossa of crown was used instead of incisal edge and 
this would allow screw retained or cement retained crown. 
 On the cross sectional view, the implant platform was located 2.5 mm apical to the line 
connecting the midpoint of buccal and palatal CEJ of the respective tooth. This is unlike the first 
trial, which was focused on the alveolar bone axis and used the palatal CEJ only as a reference 
for setting the vertical location of the implant restorative platform.   
 
Fig. 13.A 
Fig. 13.B  
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Fig. 13.C 
 
Fig. 13. Implant Positioning For the Second Trial.  
13. A A confirmed implant is located centered on the root at each platform level. 
13. B A confirmed implant follows the root structure mesial distal. 
13. C A confirmed implant axis parallels a line drawn from incisal edge to the midpoint 
of a line connecting the mid buccal and mid palatal CEJs and places the restorative 
platform at 2.5mm apical to this line. 
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3.7.1 Mesio distal Overlap Measured  
After the examiner created and confirmed that the implant location followed the crown 
axis buccal-lingual and root angulation mesial-distally and set the restorative platform at 2.5mm 
apical to the line connecting the buccal and palatal CEJs from three different views the implant 
mesio-distal overlap was observed from the axial cuts. This implant overlap would represent the 
lack of space for these implants (which represent a 4.0mm implant with a 1.0 mm “bone sleeve”) 
located following the crown axis. The distance to overlap was measured from the midpoint of 
buccal and palatal CEJ to the first vertical level along the simulated implant axis.  
 
3.7.2   Buccal Penetration of Necessary “Bone Sleeve” 
When the implant was simulated following the crown axis some implants penetrated 
outside of the buccal bony surface of the respective tooth site. The frequency of the buccal bone 
deficiency related to this prosthetically driven choice of direction from cross sectional view was 
measured at each tooth location. When the buccal penetration was observed from the cross 
sectional view the biologic rule of 1 mm surrounding bone is violated. In this study the distance 
from the buccal CEJ to the initiation point of the penetration on the buccal bone surface was 
measured (Fig. 14, Fig. 15).   
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3.7.3 Crown Dimension 
The dimension of the crown can be observed in three dimensions; apical-coronal, buccal-
lingual and mesio-distal. This study focused on apical-occlusal and buccal- lingual dimensions.    
The buccal lingual dimension was measured at the cervical level as the distance between 
the buccal and the lingual CEJ from the cross sectional reformat. The selection of this view was 
made when the reference line on the tooth bisected the respective root from the axial view. From 
occlusal-apical direction the crown height was measured from incisal edge or central fossa 
(premolar) to midpoint of buccal/lingual CEJ. The cuts used for this measurement were cross 
sectional cuts generated from the implant axis that combined the buccal lingual crown axis 
direction while it followed mesio distally, the root angulation. The limitation of this was the 
location of CEJ on cross sectional reformat did not always strictly correspond to the highest level 
of CEJ. These measurements allowed comparison of the size of tooth buccal/lingual and apical 
coronal. 
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3.7.4 Alveolar Crest height   
The crest height was measured from buccal CEJ to coronal edge of a visible buccal plate 
from the cross sectional view. The tooth was excluded when CEJ was unclear or when the tooth 
had restoration on buccal or cervical area of the tooth surface. When the buccal plate was too 
thin to be distinguishable the scans were excluded from the measurement. This resulted in a 
variable N value. The mean and standard deviation for each site was calculated.  
 
 
 
Fig. 14. Tested Implants from Second Trial on the Lateral Incisor Position.  A tested implant 
superimposed on the lateral incisor positioned following the crown axis (Prosthetic Driven)  
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Fig. 15. Tested Implants from Second Trial on the First Premolar Position.  A tested implant 
superimposed on the first premolar positioned following the crown axis (Prosthetic Driven) 
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3.8 Statistical Analysis  
To evaluate intra-examiner errors in positioning five CBCT scans were collected 
randomly and the inter-implant distance was measured twice in 2 weeks. With the repeated 
measurements two sets of inter-implant distances were analyzed by Pearson correlation. 
(Overlapping sites were excluded in this calculation). The Co-efficient correlation was calculated 
to be 8.14, meaning that repeatable implant positions could be achieved in this study.   
The mean and standard deviation were also calculated for each anatomical parameter. Bi-
serial correlation was calculated between the prevalence of overlap in the first trial and varied 
anatomical parameters. The Pearson correlation test was used to evaluate the vertical distance to 
the overlap in the second trial and various anatomic parameters. The student t-test was used to 
determine significant differences among the comparison of PCA, PBA, Crest height and the level 
of vertical penetration at the each location. 
  
    50 
Chapter 4. Results 
4.1 The Average Palatal Length and the Inter-canine Distance  
The average palatal length (Fig.4) was measured from 50 CBCT scans as 51.85 mm +_ 
3.87 mm and inter-canine distance (Fig. 5) was as 34.74 +_2.72 mm (Table 1). The biserial 
relationship between the incidence of proximal overlap of the virtual implants in the first trial at 
the 5 mm vertical level and anatomical parameters; PBA (Fig. 12), inter canine distance and the 
length of the palatal plane was calculated. No significant relationships were found (Table. 2). 
 
 Palatal Length  Inter-Canine Distance 
Mean 51.85 mm 34.74 mm 
SD  3.87 mm 2.72 mm  
 
Table. 1.  The mean palatal length and the inter-canine distance.  Mean and standard 
deviation of the palatal length and inter-canine distance was calculated. 
 Proximal Overlap of #7 Mesial at 
5mm Vertical Height  
Proximal Overlap of #10 Mesial at 
5mm Vertical Height  
Palatal 
Length 
The value of R is -0.0376. 
The value R2, the coefficient of 
determination, is 0.0014.  
The value of R is: 0.0382. 
The value of R2, the coefficient of 
determination, is 0.0015. 
Inter Canine 
Distance  
The value of R is: 0.0905. 
The value of R2, the coefficient of 
determination, is 0.0082. 
The value of R is: 0.145. 
The value of R2, the coefficient of 
determination, is 0.021. 
 
Table. 2. Biserial relationship between implant bone sleeve overlap and the palatal length 
and the inter-canine distance for sites #7 and #10 lateral incisors. Biserial relationship 
between incidence of proximal overlap and palatal length and inter canine distance. Where there 
is overlap, the value is zero. Where there is no overlap, the value is one. 
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4.2 First Trial: Implant Positioning Following Alveolar Bone Axis  
4.2.1 Mesial-Distal Overlap Measurement at Each Site 
 After the positioning of implants following the alveolar bone axis buccal lingual and the 
root angulation mesial-distally the mesial-distal overlap of the proximal surface of each implant 
was observed from the axial view sliced perpendicular to the long axis of each implant. In 
addition the incidence of overlap between simulated implants was measured at each incremental 
vertical distance (step) from the restorative platform.   
 The location between the central incisor and lateral incisor had the highest incidence of 
overlapping. For example, the overlaps found at the distal implant surface of the central incisor 
location from its restorative platform increased from 18% to 52% (right) and 22% to 42% (left) 
when comparing ascending vertical steps from 2.5 mm to the 5.0 mm level. At the 7.5 mm 
vertical step the incidence of overlap at this location expanded to 70% (right) and 72% (left).  
 At the 2.5 mm vertical step of the lateral incisor site from its restorative platform the 
mesial surface of implants showed 18% (right) and 22% (left) overlap with the distal of the 
central incisor implant. Since the vertical step at each location was made from the implant 
restorative platform at that site note that the overlaps at each progressive step when viewed from 
the adjacent tooth platform did not perfectly match. The overlap of the distal surface of the 
central incisor location was identical at this height but at other vertical levels did not show the 
identical percentage. This was due to the fact that each implant restorative platform was set 
vertically relative to the CEJ of that specific tooth and thus each implant acted as its own 
reference plane. The overlap from the lateral incisor location also increased to 70% (right) and 
82% (left) at the 7.5 mm vertical level. This contrasting difference was variable and not 
consistent after the first step (compare values on Table 3. for 7M vs 8D and 9D vs 10 M). 
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  In contrast, the overlap between the central incisors was only 2% at the 5.0 mm vertical 
step and only 16% (right) and 14% (left) at the 10.0 mm vertical level from the implant platform. 
On the distal surface of the canine position the overlap with the mesial surface of first premolar 
located implant was 44% (right, left) at the 7.5 mm vertical level compared to 10% (right) and 
4% (left) overlap incidence at the 2.5 mm vertical level (Fig. 16, Table. 3).  
 
 
 
 
Fig. 16. The incidence of implant overlaps in the first trial. The incidence of overlap 
measured at the each implant location and at the each vertical step with adjacent implant position 
(N=50). 
  
0.00!
0.20!
0.40!
0.60!
0.80!
1.00!
6 D ! 6 M! 7 D! 7 M! 8 D! 8 M! 9 M! 9 D! 10 M! 10 D! 11 M! 11 D!
0  (6mm diameter)! 2.5 (5.5mm diameter)! 5 (5.5 mm diameter)!
7.5 (5.5 mm diameter)! 10 (5.3 mm diameter)!
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 0  (6mm 
diameter) 
2.5 (5.5mm 
diameter) 
5 (5.5 mm 
diameter) 
7.5 (5.5 mm 
diameter) 
10 (5.3 mm 
diameter) 
6 D  6% 10% 38% 44% 52% 
6 M 4% 8% 12% 30% 34% 
7 D 2% 6% 28% 30% 28% 
7 M 12% 18% 38% 70% 82% 
8 D 4% 18% 52% 74% 76% 
8 M 0 0 2% 12% 16% 
9 M 2% 0 2% 14% 14% 
9 D 8% 22% 42% 72% 84% 
10 M 10% 22% 56% 82% 74% 
10 D 0 0% 6% 18% 26% 
11 M 4% 8% 20% 28% 22% 
11 D 2% 4% 20% 44% 48% 
 
Table. 3. The percentage of implant overlaps in the first trial. The percentage of overlap at 
each implant location and at each vertical step with each adjacent implant’s position. 
 Five (5) vertical steps were recorded as 0mm, 2.5mm, 5mm, 7.5mm and 10mm level. The 
vertical step was measured from the platform of each implant, after it was located 2.5mm from 
the palatal CEJ of the respective tooth. 0 mm level is the restorative platform level of the 
implant. The percentage was calculated as the incidence of overlap for sample size 50.  
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4.2.2 The Mean Prospective Crown Angulation (PCA)   
 The PCA (prospective crown angulation) was measured between the axis of the implant 
positioned on the alveolar bone axis and the restoration axis. The alveolar bone axis was 
simulated from virtual implant placement and restoration axis was defined as originating from 
the center of the implant restorative platform (Fig.11) to the incisor edge or central fossa of the 
tooth in that position. The angulation measured at the central incisor position was 166.71+_6.45 
degree (right) and 166.59 +_ 7.21 degree (left) and at the canine position it was 164.83 +_ 7.96 
degree (right) and 164.76+_ 7.83 degree (left). The mean PCA at the central incisor was slightly 
higher than it was at the canine but there was no significant difference using a two-tail student t-
test (Table. 4).  
 In contrast at the lateral incisor position the average angulation was 162.37 +_7.78 degree 
(right) and 163.20 +_ 6.89 degree (left) which was 2-4 degree lower than from the central incisor 
and canine location. On the first premolar location the average was 159.26 +_ 8.18 degree (right) 
and 158.89 +_7.84 degree (left) (Table. 4, Fig. 17). 
 The two-tail student t-test between right and left quadrant showed that there was no 
significant difference between sties. However, when the PCA was compared between the 
position of the central and lateral incisor or the central incisor and first premolar the difference 
was statistically significant, (p < 0.05). When compared between the position of the canine and 
lateral incisor or the canine and first premolar the difference was statistically significant, (p < 
0.05) (Table. 5). 
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Mean PCA, n=50 
 5 6 7 8 9 10 11 12 
Mean (degree) 159.26 164.83 162.37 166.71 166.59 163.20 164.76 158.89 
SD  8.18 7.96 7.78 6.45 7.12 6.89 7.83 7.84 
Necessary Prosthetic Angle 
Correction 
20.74 15.17 17.63 13.29 13.41 16.80 15.24 21.11 
 
 
Table. 4. Mean and standard deviation of the PCA.  Mean and standard deviation of the PCA 
was calculated. For example, average crown angulation of #8 was 166.71 degree with 6.45 
standard deviation. 
 
 
Fig. 17. The Mean PCA. The mean PCA was calculated at the each tooth location  
 
 
 Comparing PCA by Using T test, (2 -tailed) 
Between the location #7 and #8   P = 0.003071, P<.05 significant 
Between the location #9 and#10  P = 0.017266, P<.05 significant 
Between the location #6 and #8   P = 0.197909, P<0.5 not significant 
Between the location #9 and #11  P = .224738 , P<0.5 , not significant  
 
Table. 5. T- Test between measured PCA.  
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4.2.3 Mean Palatal Bone Angulations (PBA)  
 The PBA describes how much the palatal bone surface was divergent from the alveolar 
bone axis at the each tooth position.  The average palatal angulations at the central incisor 
position was 95.38 +_ 8.11 and 96.38 +_6.62 degree in the right and left quadrant respectively. 
The angulation at the lateral incisor was 93.7 +_ 5.51 and 93.47+_6.62 degree and at the canine 
was 93.69+_ 6.92 and 94.09 +_6.58 degree on the right and left respectively.  
 The PBA at the central incisor location was only higher than the lateral incisors and 
canines by 2-3 degrees. Average angulation on the first premolar was  92.16 +_ 4.73 degree and 
91.39 +_ 5.19 degree on the right and left quadrant respectively (Table. 6, Fig. 18). There was no 
significant difference between right and left quadrants, however, there was a statistically 
significant difference between the central incisor and first premolar location, using two-tailed 
student T-test (p<0.05) (Table. 7). The relationship between PBA and overlap at the 5 mm 
vertical height of the lateral incisor was also analyzed using biserial relation. The overlap was 
marked as “0” and non-overlap was marked as “1.” There was only a weak negative relationship 
(Table. 8).  
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 5 6 7 8 9 10 11 12 
Mean PBA (Degree) 92.16 93.69 93.70 95.38 96.38 93.47 94.09 91.39 
SD  4.73 6.92 5.51 8.11 6.62 6.35 6.58 5.91 
 
Table. 6.  Mean and standard deviation of PBA.  Mean and standard deviation of PBA was 
calculated at each tooth location. For example, #8 PBA was 95.38 degree with 8.11 standard 
deviation. 
 
 
 
 
Fig. 18. Mean PBA at the each tooth location.  
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T -test PBA for Between (P< 0.5)  
  #5 and #12 P = .47643, not significant  
 #6 and #11 P= .770016, not significant  
 #7 and #10 P= .8471, not significant  
#8 and #9  P= .499301, not significant  
#7 and #8  P= .229249, not significant 
#8 and #6  P= .266238, not significant 
 #5 and #8  P= .017125, significant 
 #9 and #10 P= .027075, significant  
#9 and #11 P = .085437, not significant 
#9 and #12 P= .000135, significant  
#7 and #6  P= .994913, not significant  
#7 and #5  P=  .136887, not significant  
#10 and #11 P= .633906, not significant   
#10 and #12 P= .093639, not significant   
#5 and #6  P= .198981, not significant   
#11 and #12 P= .033655, significant  
 
Table. 7. T test of PBA Between the tooth sites 
 
 
Biserial Relationship   
#7 Mesial overlap at 5mm 
vertical step and #7 PBA 
The value of R is -0.2563.  
The value of R2, the coefficient of determination, is 0.0657. 
#10 Mesial overlap at 5mm 
vertical step and #10 PBA  
The value of R is -0.2353.   
The value of R2, the coefficient of determination, is 0.0554. 
 
Table. 8. PBA and Implant overlap relationship at #7 and #10 locations. 
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4.3 Second Trial: Implant Placement Following a Prosthetic Crown Axis 
 A total of 50 CBCT scans were reviewed with simulation of the 6 mm diameter implant 
(5.5 mm at the body level) positioned following a prosthetic driven trajectory. The CBCT scans 
which did not have a clear CEJ or had a cervical restoration on the respective tooth or a too thin 
buccal plate to be distinguished from the root were excluded (Table. 11). 
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4.3.1. The Mean Tooth Size and Crest Level  
 The mean buccal/lingual crown dimension of the central incisors measured between the 
buccal CEJ and the palatal CEJ (see 3.7.3), was 6.64+_0.49 mm (right) and 6.66 +_0.49 mm 
(left). For the lateral incisors it was 6.07 +_0.44 mm (right) and 6.10 +_0.50 mm (left).  For the 
canine it was 7.85 +_ 0.69 mm (right) and 7.89 +_0.65 mm (left) and first premolar was 8.67 +_ 
0.67 mm (right) and 8.60 mm +_0.74mm. 
 The mean crown height from midpoint of the CEJ connecting line (see 3.7.4) to the 
incisal edge of the central incisors was 10.12 +_1.22 mm (right) and 10.21 +_1.17 mm (left) and 
for the lateral incisor it was 8.99 +_1.10 mm (right) and 9.12 +_1.03 mm (left).  Canine crown 
was 9.32 +_ 1.07 mm (right) and 9.27 +_ 1.06 mm (left), while the first premolar showed 5.21 
+_ 0.74 mm (right) and 5.24 mm +_0.74 mm (left). The number of CBCT scans included in this 
average was from 38 to 48 depending on the location because some CBCT scans were excluded 
due to unclear CEJ or existing cervical restorations (Table. 9). 
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tooth # 5 6 7 8 9 10 11 12 
Buccal/Lingual Crown Dimension (mm) 
Average 
(MM)  
8.67 
(N=38) 
7.85 
(N=45) 
6.07 
(N=47) 
6.64 
(N=48) 
6.66 
(N=48) 
6.10 
(N=48) 
7.89 
(N=48) 
8.60 
(n=40) 
SD  0.67 0.69 0.44 0.49 0.49 0.50 0.65 0.74 
Crown Height from mid CEJ line to Incisal Edge (mm) 
Average 
(mm)  
5.21 
(N=38) 
9.32 
(N=44) 
8.99 
(N=47) 
10.12 
(N=48) 
10.21 
(N=48) 
9.12 
(N=48) 
9.27 
(N=48) 
5.24 
(N=39) 
SD  0.74 1.07 1.10 1.22 1.17 1.03 1.06 0.74 
 
Table. 9. Mean and standard deviation of each crown dimension. Mean and standard 
deviation of each crown dimension was calculated. 
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4.3.2 Distance from CEJ to the Buccal Crest Bone Height 
 The mean alveolar crest distance measured from the buccal CEJ to the crest of the buccal 
plate at the central incisor location was 2.56 +_ 1.06 (right, 46 scans) and 2.53+_0.99 mm (left, 
46 scans).  Two scans showed non-distinguishable buccal plates and 2 other scans had unclear 
CEJ (Table. 10, Fig. 19) and were excluded. 
 The mean alveolar crest distance for the lateral incisor location was 2.46 +_ 1.04 mm 
(right, 38 scans) and 2.48+_0.91 mm (left, 41 scans). For the right lateral incisor location, 9 
scans had non- distinguishable buccal plates and 3 scans had an unclear CEJ. Left lateral incisor 
location had 7 scans with non- distinguishable buccal plates and 2 scans had unclear CEJ.  
 The mean alveolar crest distance at the canine location was 2.74+_ 1.51 mm (right, 38 
scans) and 2.76+_1.07 mm (left, 40 scans). 6 scans were excluded because of too thin buccal 
plate and 3 scans for cervical restoration, 2 scans were unclear from scatter effect from adjacent 
teeth and 1 scan for cone cut of canine tip. The left canine location had 10 scans excluded 
because of 8 scans for non-distinguishable thin buccal plate, 1 scan for having unclear CEJ and 1 
scan for cervical restoration.  
 The mean crest height for the premolar location was 3.00 +_ 1.33 mm (right, 18 scans) 
and 3.14+_1.51 mm (left, 13 scans).  Six scans were excluded because of thin buccal plates and 
12 scans because of restorations such as cervical restoration (6 scans) or crowns (6 scans).  
Thirteen scans were excluded because of 2 scans for non-distinguishable buccal bone, 3 scans for 
having cervical restoration, 5 scans for having crowns, 2 scans for unclear CEJ and 1 scan for 
scatter effect from adjacent structure. 
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Crest Level from buccal CEJ to buccal Bone Crest (mm) 
 5 6 7 8 9 10 11 12 
Mean 3.00 
(N=32) 
2.74 
(N=38) 
2.46 
(N=38) 
2.56 
(N=46) 
2.51 
(N=46) 
2.48 
(N=41) 
2.76 
(N=40) 
3.15 
(n=37) 
SD  1.32 1.50 1.04 1.06 1.00 0.91 1.07 1.39 
 
Table. 10.  Means and standard deviations of the crest level from buccal CEJ to buccal 
bone crest (mm) are shown.
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4.3.3 Distance from CEJ to the Apical Level of Buccal Bone Penetration (Fig. 14, Fig. 15) 
 When virtual implants were positioned in the bone following the crown axis some 
penetrated the buccal plate of the adjacent alveolar housing. The distance from the buccal CEJ to 
the initial point that the implant “bone sleeve” penetrated the buccal bone structure was 
measured on a cross sectional view. 
 At the central incisor location the distance was 9.49+_2.08 mm and 9.82 +_2.62 mm and 
the incidence was 69% (33 out of 48) and 73% (35 out of 48) on the right and left respectively.  
The mean distance at the lateral incisor location was 7.59+_2.25 mm and 7.57+_2.02 mm and 
the incidence was 94% (44 out of 47) and 98% (47 out of 48) on the right and left respectively. 
The mean distance distance at the canine location was 11.35 +_ 2.24 mm and 11.96 +_ 2.19 mm 
and the incidence was 40% (18 out of 44) and 33% (17 out of 48) on the right and left 
respectively. The mean distance distance at the first premolar location was 10.38 +_ 2.42 mm 
and 10.40+_2.10 mm and incidence was 79% (30 out of 38) and 74% (29 out of 39) on the right 
and left respectively (Table. 11, Fig. 19).  
 The highest incidence of buccal penetration occurred over the lateral incisor location 
followed by the first premolar and the central incisor. The mean height from CEJ to the 
penetration of the buccal plate was shortest in the lateral incisor location. The cuspid site showed 
the lowest incidence of penetration over the 10 mm length measured. The Pearson correlation 
between CEJ to crest bone level and CEJ to buccal bone penetration was calculated and there 
was no moderate to strong relation found (Table. 12).  
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Buccal Bone Violation from A  Prosthetic Driven Implant (Mean Distance from CEJ) 
 5 6 7 8 9 10 11 12 
MEAN 
DISTANCE   
(MM)  
10.38 
(N=30) 
11.35 
(N=18) 
7.59 
(N=44) 
9.49 
(N=33) 
9.82 
(N=35) 
7.57 
(N=44) 
11.96 
(N=17) 
10.40 
(N=29) 
SD  2.42 2.24 2.25 2.08 2.62 2.02 2.19 2.10 
% BUCCAL 
SLEEVE 
PENETRATION 
79%  
30/38 
41% 
18/44 
 94% 
44/47 
 69% 
33/48 
73% 
35/48 
98% 
47/48 
35% 
17/48 
74% 
29/39 
Number of Non-
Distinguishable 
Buccal Plate  
6 6 9 2 2 7 8 2 
 
Table. 11. Mean Distance from CEJ to Penetration.  The Mean Distance from CEJ to 
Penetration of the “bone sleeve” following the prosthetic implant positioning was calculated and 
the percentage of incidence was shown in this table. On the same cross section, the number of 
thin buccal plates which could not be distinguished by the examiner were counted. 
 
 
 
Fig. 19. The vertical distance from CEJ to “bone sleeve” penetration of the buccal bone 
occurs: the vertical distance from the CEJ to penetration of the buccal plate was measured. The 
crest level above CEJ at each tooth location is shown below these values.  
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 #7 CEJ to buccal bone Penetration 
#7 CEJ to crest bone  The value of R is 0.135. 
The value of R2, the coefficient of determination, is 0.0182. 
 #10 CEJ to buccal bone Penetration 
#10 CEJ to crest bone  The value of R is 0.2461, 
The value of R2, the coefficient of determination, is 0.0606. 
 
Table. 12.  The Pearson correlation between CEJ to bone crest measure and the buccal 
bone penetration of implant “bone sleeve”.  
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4.3.4 Mesial/Distal Overlap Measurement at Each Site in Trial #2 
 The average vertical distance from buccal CEJ to the first vertical level of overlap ranged 
from 6.28 mm to 9.01 mm in the second trial (test implants positioned following the crown axis). 
On the upper right first premolar location 13 out of 40 CBCT scans showed the overlap with the 
adjacent canine implant at the average vertical height of 6.54 mm from the mid CEJ level.(see 
3.7.3) At the upper right lateral incisor location, the mesial surface had 55% overlap. The 
distance to the initial vertical level for the overlap was 6.28 mm from the cross sectional view. In 
63% of cases the mesial surface of the left lateral incisor had overlap with the adjacent central at 
a mean distance of 6.48 mm from the mid line CEJ level (Table.13).  
 When compared to the first trial, which followed the alveolar bone axis the second trial 
position allowed increased inter- implant space at the higher vertical steps because the implants 
followed the crown axis which was tipped further to the buccal which in turn produces an 
increased arch length at heigher vertical steps. Despite this advantage of mesial-distal spacing, 
over 50 % of the implants still had overlap between the central incisor and lateral incisor location 
in this second trial and in addition had 94-98% buccal bone penetration at only 7-8 mm above 
the CEJ (Table. 11).                                                                                                 
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 % of Overlap  Average Distance from Buccal CEJ to 
the initial point of Overlap (mm) 
SD  
5M  33% (13/40) 6.54 2.03 
6D 33% (13/40) 6.28 1.90 
6M  22%(10/45) 6.35 2.23 
7D  22%(10/45) 6.28 2.47 
7M 55%(26/47) 6.53 2.80 
8D 55%(26/47) 6.73 2.94 
8M 4%(2/48) 8.85 0.50 
9M 4%(2/48) 9.01 0.22 
9D 63%(30/48) 7.10 3.08 
10M 63%(30/48) 6.85 3.00 
10D  23%(11/48) 6.48 3.10 
11M 23%(11/48) 6.30 3.05 
11D  12/43(28%) 6.47 2.57 
12M 12/43(28%) 6.50 2.47 
 
Table. 13. Measurement of the Mesial/Distal Overlap from the Second Trial. The overlap 
frequency and mean distance to the initial point of overlap measured. (NOTE: Implant axis was 
aligned with a line drawn between incisor edge and the mid point of buccal/palatal CEJ line and 
the vertical distance was measured from buccal CEJ to initial point of overlap.)  
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Chapter 5. Discussion  
The geometric profile of the alveolar bone in the anterior maxilla is that of a truncated 
cone. This geometry forces any cylindrical objects, such as tooth roots or implants, aligned with 
its surface to converge with increasing vertical distance along a coronal-apical path. From a 
biologic perspective, teeth with their adjacent PDL and its vascular supply can sustain the 
biologic demands of adjacent bone metabolism and have less negative impact with increasing 
proximity.  The replacement of teeth with metal cylinders having no vascular net requires 
adaption to a different set of biologic rules derived from the early experimentation of Branemark 
et al. 
In concise format the bony requirements of endosseous implants positioned to replace 
tooth roots in the relatively cancellous bone of the maxillary anterior require at least a 1.0 mm 
sleeve of surrounding bone and at least 2.0 mm of bone interproximal.  The positioning trials (#1 
and #2) performed in this study utilized a 6.0 mm cylinder (virtual implant) to imitate a standard 
4.0 mm implant with this surrounding necessary bone sleeve of 1.0 mm. During any trial a 6.0 
mm cylinder (virtual implant) overlapped with an adjacent cylinder or penetrating the buccal or 
palatal bone surface violated this basic rule (1 mm bony requirements). 
A team approach to implant restoration includes a restorative dentist whose vision is 
shaped by crown forms and occlusion and a surgical dentist with requirements shaped by 
anatomic variables and biologic demands. Traditionally these disparate outlooks have resulted in 
the descriptive terms “restorative driven positioning” and “surgically driven positioning”.  The 
surgical driven approach claims that the implant placement should first satisfy the biologic 
demands of the bone and that the restorative solution should accommodate this position. The 
restorative driven approach suggests that the crown axis should drive positioning and that the 
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surgeon should accommodate this need. 
In these studies, the first trial followed the “surgically driven position” staying within the 
alveolar bone axis and following root inclination in buccal-palatal direction while following the 
mesial-distal root angulation. Vertical positioning was related to the CEJ level at each site which 
created a novel reference plane for evaluation. The restorative platform itself became the 
reference plane for positioning and the level of overlap with adjacent implants. Each successive 
vertical level can be used as a starting point to evaluate the effect of increasing bone loss on the 
level of interproximal interference or overlap. Our assumption in this and the next trial following 
the crown axis was that teeth could be extracted and there would be no bone loss after healing. 
Under these conditions the following statements can be made: 
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5.1 Mesial - Distal Relationship between Virtual Implants 
 In this study an increasing overlap was observed between implants with increasing 
vertical height by using virtual implant shapes from a computer library following root angulation 
mesio-distally and the bone axis buccal-palataly. It was found that there was a constriction in the 
maxillary anterior alveolar bone from coronal to apical direction. The proximal area between the 
lateral incisor and the central incisor and between the canine and the first premolar displayed the 
highest degree of overlap. As an example for the mesial surface of the upper right lateral incisor 
location the implant space overlap increased from 18% to 70% in the middle portion of the root 
between the 2.5mm and 7.5mm vertical levels. At the mesial of the left lateral incisor location it 
was almost identical 22% to 82%. Similarly, there is a pronounced increment of overlap at the 
distal surface of the adjacent central incisor location (Table. 3). This finding agrees with a 
previous study on teeth which found higher root proximity in this location (Vermylen, 2005) and 
it found that constriction and proximity in the anterior maxilla affects implants more than natural 
teeth. 
Considering an average mesial/distal crown dimension of lateral incisors at the contact 
point as 6.5 mm a smaller diameter implant has been advocated for the lateral incisor location 
(Degidi, 2009). In the current study, approximately 10% of the subjects did not have enough 
mesial-distal space for adjacent 6 mm diameter implants (4 mm diameter implants with1 mm 
bony sleeve) at the platform level of the lateral incisor position. Furthermore, the increments of 
overlap in apical direction revealed that the 4 mm diameter implant could not be located in the 
lateral incisor position without violating the biologic requirement of having 2 mm of proximal 
bone between implants. (see Table #3 compare 7M-8D and 10M-9D). There was 38-82% 
incidence of overlap in Trial#1 at the 5-7mm vertical level of implant while in Trial#2 at about 
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the same level there was 55-63% overlap. These measurements suggested the need for a smaller 
size implant in the lateral incisor location but they also revealed that the lateral incisor location 
would be crowded even with a 3.5 mm diameter implant.  
The second trial revealed less mesial- distal overlap of implants when driven by a crown 
axis, since this tipped the apex to buccal and increased interproximal space. In the first trial the 
incidence of overlap at the lateral incisor location was above 80% at 10 mm vertical height, but 
in the second trial with implants angulated along the respective crown axis this decreased to 50 
to 60% with the average initial vertical level of overlap ranging from 6.28 mm to 9.01 mm from 
the CEJ. The difference in implant/bone overlap between positions driven by the alveolar bone 
axis and the same location driven by the crown axis was not directly comparable due to the lack 
of a common reference point. While the placement of implants which followed this buccal 
inclination decreased the risk of mesial distal overlap seen in the first trial it increased the risk of 
another problem - the trajectory of the implant through the buccal plate.  
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5.2 Buccal/ lingual Relationship related to Bone Contour and Crown axis  
The bone allowance (anatomic limitation) influenced the implant axis in the first trial and 
an angled abutment is used to accommodate this deviation from the restorative axis. Dependent 
on the degree of correction needed, the type of restention such as screw retained or cement 
retained is determined. A recent systematic review comparing both types of retention did not find 
an association with loss of bone around the supporting implants (Jung, 2012) and the correction 
of deviation could be performed successfully. However, cement retained restorations are 
considered to be more susceptible to peri-mucositis or peri-implantitis and aesthetically and 
functionally the screw retained implant crown in the cingulum area would be preferable in 
anterior maxilla to restorative dentists.  
The first trial in this study explored the discrepancy between the natural tooth crown axis 
and an implant cylinder when using the alveolar bone axis. The restorative axis was determined 
from the center of the implant platform to the incisor edge. This axis was easily reproducible in 
this study and could be used to determine the need for an abutment angle correction. 
In the first trial, PCA (the angle between the restorative axis and alveolar bone axis), 
meaning the discrepancy between the alveolar bone axis and the restorative axis of the central 
incisor was 167 degrees. The PCA averaged 164 to 167 degrees in maxillary anterior and the 
central incisors and canines would require slightly less of an angle correction compared to the 
lateral incisor and the first premolar. When these angulations between the central incisor and 
canine were compared, there was no significant difference but when the angulations between the 
lateral and central incisor or between lateral incisor and canine were compared there were 
significant differences (p <0.05). This suggests that the buccal eminence of the central incisor 
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and canine if retained by grafting can result in a more favorable relationship of the alveolar bony 
housing for implant placement than is the case with the lateral incisor and first premolar. 
The second trial explored the anatomic limitations, especially of the buccal bone surface, 
when the implant was placed following the crown axis. The developmental ridge on the buccal 
surface has been utilized as a substitute for the crown axis and clinically this has served as a very 
useful reference  landmark in orthodontics. The present study chose the definition of the crown 
axis from Bryant (1984) instead of the axis from the development ridge because the 
developmental ridge on a cross sectional CBCT reformat view could not be easily determined. 
In the second trial a major consequence of implants following the crown axis (midpoint 
of the line connecting the buccal/palatal CEJ and incisal edge) was that implants penetrated the 
buccal bone. This happened in 93% to 97% at the lateral incisor location at the average distance 
of 7.8 mm or 7.9 mm from the CEJ. Since the crest height between CEJ to buccal crest bone was 
an average 2.5 mm, the vertical position of where the buccal bone thickness was less than 1mm 
(i.e. violated the bone rule) occurred at close to a 5 mm apical level to buccal marginal bone even 
when the 3.5 mm diameter implant was visualized. Based upon these findings a short and tapered 
implant itself may not easily solve the deficiency of the bone volume at the lateral incisor 
location.   
Aside from the lateral incisor, the buccal bone deficiency of other tooth positions was 
less extensive. The vertical depth to the buccal bone deficiency in the central incisor or the 
premolar was nearly 10 mm apical to CEJ and this translated into buccal bone deficiency at 7 to 
7.5 mm apical level from buccal crest bone. This finding emphasizes that short and tapered 
implants would be beneficial at these sites and that they would be more forgiving compared to 
the lateral incisor location. 
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The PCA from the first trial and the buccal bone deficiency of implants following crown 
axis positioning from the second trial (the height of implant sleeve penetration) was compared 
with Pearson correlation especially on the lateral incisor location. It was expected that the lower 
PCA would have higher probability of buccal bone deficiency but the right lateral incisor 
location presented -.0784 as R value and the left lateral incisor location presented -0.1155 as R 
value. This showed only a weak negative relation.  The various thickness of buccal bone 
structure and various location and angulation of root structure might explain this finding.  
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5.3 Reference Plane in the study 
In the first or second trial the axis of the implant was aligned with either the alveolar 
bone or crown axis. The cross sectional and axial images were reformatted from this alveolar 
bone axis or crown axis. These images were used to measure overlaps of implants and alveolar 
bone shape, unlike other studies, which used an occlusal plane as reference plane. These newly 
created reference planes may increase the accuracy and reduce the errors encountered using 
oblique sectioned images which reference the occlusal plane. Since each tooth location had a 
different reference plane, the vertical height at which each adjacent simulated implant 
overlapped did not exactly correspond.    
The method of locating the reference plane on each tooth position was possible with 
MPRs’ (multiplanar reformations) generation based upon each located implant in Anatomage 
(CBCT software) from Invivo. This method could be used in many other applications. During 
implant treatment planning, the distance to adjacent anatomical structures, such as nerves or 
maxillary sinus, would be measured more accurately. When impacted teeth need to be exposed 
for the purpose of orthodontic or oral surgery creating this new reference plane following the 
impacted teeth would generate a new cross sectional image which would be more easily 
interpreted and help visualize that tooth and adjacent structures compared to an oblique image 
created from a system which is based on reference to the occlusal plane.  
The occlusal plane is useful for a general overview as a tool for reconstruction plans in 
orthodontics and tooth born restorative dentistry. This new implant centered plane is more 
applicable to individual implant placement. It comes nearer the actual visual clues utilized by the 
surgeon at the time of surgery and helps visualize the different biologic demands of the 
implant/bone relationship, which need to be accommodated. 
    77 
5.4 Anterior Maxilla Alveolar Bone Anatomy and Relationship to Implant Positioning 
The palatal bone length (distance between ANS and PNS) and inter-canine distance was 
measured in this study. The relationship between the palatal bone length and implant overlap was 
investigated to determine whether palatal bone length might be associated with the volume of 
alveolar bone or the shape of the constriction in the anterior maxilla. The inter-canine distance 
was also measured to determine if the dental arch width influenced the mesio/distal space for 
contiguous implant placement. The statistical calculation used was bi-serial correlation. The 
representative area of overlap used was the mesial of the lateral incisor location at the 5 mm 
vertical height. The anaylsis showed that the length of palatal bone or arch width was not 
strongly related to the constriction in anterior maxilla (Table. 2).  
The PBA was measured between alveolar bone axis and the palatal bony surface. The 
higher angulation described a more divergent alveolar process toward to the apical direction. The 
palatal bone was chosen because it had thicker cortical plates and was more resilient following 
trauma or extraction compared to thin buccal bone. (This study showed that 4 to 18 % of buccal 
bone sites were too thin to be distinguishable or did not exist based on CBCT evaluation.) 
This study observed that the buccal/lingual divergence of alveolar bone is more 
pronounced toward the midline. The average PBA at the first premolar was 91 to 92 degrees, 
compared to 96 degrees on the central incisor location. No studies to evaluate the relationship 
between the palatal bone surface and the alveolar bone axis are available. No studies have 
evaluated the relationship between PBA and the inter-implant overlap or alveolar bone 
constriction. Using the overlap at the mesial surface of lateral incisor location the correlation 
calculation showed that the more divergent palatal bone would have higher chance of overlap 
between implants but there was only a weak relationship (Table. 8).    
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The distance of buccal crest bone level to CEJ was measured to evaluate the influence on 
the angulation during the implant placement. The crest bone level was 2.5 to 3 mm apical to the 
CEJ in the mid buccal of the crowns in the second trial. These measures were much higher than 
the biologic width from Gargiulo (1961) (2 mm biologic width; around 1mm of each connective 
tissue and epithelial attachment). The current study was limited by the thin buccal bone which 
may not be easily detected on the CBCT scans due to resolution (Table. 11). Furthermore, the 
dimension from CEJ to crest bone height did not show a strong relationship with the vertical 
height of implant sleeve penetration in the second trial.  
Overall, the divergence of the palatal surface, the arch width and the buccal crest bone 
level are not good predictors of mesial/distal constriction of the of alveolar bone or 
buccal/lingual alveolar bone dimension. The question of how alveolar bone constriction may 
relate to patient’s occlusion, including overjet and overbite or may be influenced by the ethnicity, 
facial morphology and gender is still elusive. The inter-relationship among these factors need 
further studies.  
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Chapter 6. Conclusion  
1. This study compared simulated implant placement as an alveolar bone or prosthetically 
driven position. By utilizing a 6 mm size of implant (which represents a 4.0 mm implant with 1.0 
mm bone sleeve) and by creating multiple reference planes parallel to implant restoration 
platform at each tooth location, the anatomic limitation for each implant placement in the 
anterior maxilla could be reviewed. 
2. When anterior maxillary implants are placed, the inter-proximal area between the 
central and lateral incisor and between the canine and premolar area needs to be treated with 
extra-caution due to proximity based on the measurements found in this study. 
3.When treatment planning for replacing the six anterior teeth, the central incisor and 
canine location are anatomically more favorable and will require less prosthetic angulation 
adjustment compared to lateral incisor and first bicuspid location with assumption of no buccal 
bone loss. 
4. The PBA, palatal bone length and crest bone level were not found to be a good 
predictor/indicator for the maxillary anterior alveolar bone shape or constriction. Further 
anatomic study needs to explore the relationship between various anatomic parameters and the 
alveolar constriction.  
5. In the lateral incisor and first bicuspid location, increased penetration of the buccal 
bone plate was observed. Alveolar socket grafts of the natural anatomy cannot provide enough 
bone volume for an implant directed with prosthetic driven angulation (Crown axis). Additional 
bone graft to the buccal depressions or fossae in these locations will often be necessary.   
6. A new unique reference plane was utilized in this study: Using the implant restorative 
platform as an individual reference plane for measurement of adjacent anatomy. This has several 
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advantages over the more commonly used occlusal plane (a multi tooth arrangement) or alveolar 
plane (a bone level plane): It allows site specific referencing, easier visualizing of adjacent 
anatomic restriction and more closely matches the surgeons cues at time of surgical placement of 
the implant. 
 
  
    81 
Chapter 7. Bibliography 
 
Amler, M. H., Johnson, P. L., & Salman, I. (1960). Histological and histochemical investigation 
of human alveolar socket healing in undisturbed extraction wounds. The Journal of the American 
Dental Association, 61(1), 32-44. 
 
Andrews, L. F. (1972). The six keys to normal occlusion. American journal of orthodontics, 
62(3), 296-309. 
 
Araújo, M. G., Sukekava, F., Wennström, J. L., & Lindhe, J. (2005). Ridge alterations following 
implant placement in fresh extraction sockets: an experimental study in the dog. Journal of 
clinical periodontology, 32(6), 645-652. 
 
Bra-nemark, P. I., Zarb, G. A., Albrektsson, T., & Rosen, H. M. (1986). Tissue-Integrated 
Prostheses. Osseointegration in Clinical Dentistry. Plastic and Reconstructive Surgery, 77(3), 
496-497. 
 
Bryant, J. A., Drage, N. A., & Richmond, S. (2014). Study of the scan uniformity from an i-CAT 
cone beam computed tomography dental imaging system. Dentomaxillofacial Radiology. 
 
Bryant, R. M., Sadowsky, P. L., Dent, M., & Hazelrig, J. B. (1984). Variability in three 
morphologic features of the permanent maxillary central incisor. American journal of 
orthodontics, 86(1), 25-32. 
 
Cavallaro, J., & Greenstein, G. (2011). Angled implant abutments: a practical application of 
available knowledge. The Journal of the American Dental Association, 142(2), 150-158. 
 
Crespi, R., Capparè, P., & Gherlone, E. F. (2014). Bone recontouring in fresh sockets with 
buccal bone loss: a cone beam computed tomography study. International Journal of Oral & 
Maxillofacial Implants, 29(4). 
 
Dantas, J. A., Montebello Filho, A., & Campos, P. S. F. (2014). Computed tomography for 
dental implants: the influence of the gantry angle and mandibular positioning on the bone height 
and width. Dentomaxillofacial Radiology. 
 
Degidi, M., Nardi, D., & Piattelli, A. (2009). Immediate versus one-stage restoration of small-
diameter implants for a single missing maxillary lateral incisor: a 3-year randomized clinical 
trial. Journal of periodontology, 80(9), 1393-1398. 
 
Dempster, W. T., Adams, W. J., & Duddles, R. A. (1963). Arrangement in the jaws of the roots 
of the teeth. The Journal of the American Dental Association, 67(6), 779-797. 
 
Dibart, S., & Dibart, J. P. (2011). Practical Osseous Surgery in Periodontics and Implant 
Dentistry. John Wiley & Sons. 
 
 
    82 
E Jung, R., Zembic, A., Pjetursson, B. E., Zwahlen, M., & S Thoma, D. (2012). Systematic 
review of the survival rate and the incidence of biological, technical, and aesthetic complications 
of single crowns on implants reported in longitudinal studies with a mean follow‐up of 5 
years. Clinical Oral Implants Research, 23(s6), 2-21. 
 
Elian, N., Bloom, M., Dard, M., Cho, S. C., Trushkowsky, R. D., & Tarnow, D. (2011). Effect of 
interimplant distance (2 and 3 mm) on the height of interimplant bone crest: a histomorphometric 
evaluation. Journal of periodontology, 82(12), 1749-1756. 
 
Funato, A., Salama, M. A., Ishikawa, T., Garber, D. A., & Salama, H. (2007). Timing, 
positioning, and sequential staging in esthetic implant therapy: a four-dimensional perspective. 
International Journal of Periodontics and Restorative Dentistry, 27(4), 313. 
 
Gribel, B. F., Gribel, M. N., Frazão, D. C., McNamara Jr, J. A., & Manzi, F. R. (2011). Accuracy 
and reliability of craniometric measurements on lateral cephalometry and 3D measurements on 
CBCT scans. The Angle orthodontist, 81(1), 26-35. 
 
Harris, E. F., Hassankiadeh, S., & Harris, J. T. (1993). Maxillary incisor crown-root relationships 
in different angle malocclusions. American Journal of Orthodontics and Dentofacial 
Orthopedics, 103(1), 48-53. 
 
Hsu, M. L., Chen, F. C., Kao, H. C., & Cheng, C. K. (2007). Influence of off-axis loading of an 
anterior maxillary implant: a 3-dimensional finite element analysis. International Journal of Oral 
& Maxillofacial Implants, 22(2). 
 
Jang, S. Y., Chung, K., Jung, S., Park, H. J., Oh, H. K., & Kook, M. S. (2014). Comparative 
study of the sinus septa between dentulous and edentulous patients by cone beam computed 
tomography. Implant dentistry, 23(4), 477-481. 
 
Jivraj, S., & Chee, W. (2006). Treatment planning of implants in the aesthetic zone. British 
dental journal, 201(2), 77-89. 
 
Kamburoğlu, K., Kolsuz, E., Kurt, H., Kılıç, C., Özen, T., & Paksoy, C. S. (2011). Accuracy of 
CBCT measurements of a human skull. Journal of digital imaging, 24(5), 787-793. 
 
Kau, C. H., & Wang, M. (2014). Changes of occlusal plane inclination after orthodontic 
treatment in different dentoskeletal frames. Progress in orthodontics, 15(1), 1. 
 
Kimpe, T., & Tuytschaever, T. (2007). Increasing the number of gray shades in medical display 
systems—how much is enough?. Journal of digital imaging, 20(4), 422-432 
 
Koyano, K., & Esaki, D. (2015). Occlusion on oral implants: current clinical guidelines. Journal 
of oral rehabilitation, 42(2), 153-161. 
 
Lennon, S., Patel, S., Foschi, F., Wilson, R., Davies, J., & Mannocci, F. (2011). Diagnostic 
accuracy of limited‐volume cone‐beam computed tomography in the detection of periapical bone 
    83 
loss: 360° scans versus 180° scans. International endodontic journal, 44(12), 1118-1127. 
 
Lindhe, J., & Meyle, J. (2008). Peri‐implant diseases: Consensus Report of the Sixth European 
Workshop on Periodontology. Journal of clinical periodontology, 35(s8), 282-285. 
 
Linkevicius, T., & Apse, P. (2008). Biologic width around implants. An evidence-based. 
Stomatologija, 10(1), 27-35. 
 
Menezes, C. C., Janson, G., da Silveira Massaro, C., Cambiaghi, L., & Garib, D. G. (2015). 
Precision, reproducibility, and accuracy of bone crest level measurements of CBCT cross 
sections using different resolutions. Angle Orthodontist. 
 
Michel, R., & Zimmerman, T. L. (1999). Basic radiation protection considerations in dental 
practice. Health physics, 77, S81-S83. 
 
Misch, C. E. (2007). Contemporary implant dentistry. Elsevier Health Sciences. 
 
Misch, K. A., Yi, E. S., & Sarment, D. P. (2006). Accuracy of cone beam computed tomography 
for periodontal defect measurements. Journal of periodontology, 77(7), 1261-1266. 
 
Moshfeghi, M., Amin Tavakoli, M., Tavakoli Hosseini, E., Tavakoli Hosseini, A., & Tavakoli 
Hosseini, I. (2013). Analysis of linear measurement accuracy obtained by cone beam computed 
tomography (CBCT-NewTom VG). Dental research journal, 1(1). 
 
Nevins, M., Camelo, M., De Paoli, S., Friedland, B., Schenk, R. K., Parma-Benfenati, S., ... & 
Wagenberg, B. (2006). A study of the fate of the buccal wall of extraction sockets of teeth with 
prominent roots. International Journal of Periodontics & Restorative Dentistry, 26(1). 
 
Ogawa, T., Koyano, K., & Suetsugu, T. (1998). Correlation between inclination of occlusal plane 
and masticatory movement. Journal of dentistry, 26(2), 105-112. 
 
Park, Y. S., Lee, S. P., Han, C. H., Kwon, J. H., & Jung, Y. C. (2010). The microtomographic 
evaluation of marginal bone resorption of immediately loaded scalloped design implant with 
various microthread configurations in canine mandible: pilot study. Journal of Oral 
Implantology, 36(5), 357-362. 
 
Patcas, R., Angst, C., Kellenberger, C. J., Schätzle, M. A., Ullrich, O., & Markic, G. (2015). 
Method of visualisation influences accuracy of measurements in cone-beam computed 
tomography. Journal of Cranio-Maxillofacial Surgery, 43(7), 1277-1283. 
 
Pietrokovski, J., & Massler, M. (1967). Alveolar ridge resorption following tooth extraction. The 
Journal of prosthetic dentistry, 17(1), 21-27. 
 
Pontes, L. F., Cecim, R. L., Machado, S. M., & Normando, D. (2015). Tooth angulation and 
dental arch perimeter—the effect of orthodontic bracket prescription. The European Journal of 
Orthodontics, 37(4), 435-439. 
    84 
 
Protection, R. (2007). ICRP publication 103. Ann. ICRP, 37(2.4), 2. 
 
Rams, T. E., Roberts, T. W., Tatum, H., & Keyes, P. H. (1984). The subgingival microbial flora 
associated with human dental implants. The Journal of prosthetic dentistry, 51(4), 529-534. 
 
Robb, R. A., Lent, A. H., Gilbert, B. K., & Chu, A. (1980). The dynamic spatial reconstructor. 
Journal of medical systems, 4(2), 253-288. 
 
Roberts, J. A., Drage, N. A., Davies, J., & Thomas, D. W. (2014). Effective dose from cone 
beam CT examinations in dentistry. The British journal of radiology. 
 
Rosa, M. B., Sotto-Maior, B. S., Machado, V. D. C., & Francischone, C. E. (2013). 
Retrospective study of the anterior loop of the inferior alveolar nerve and the incisive canal using 
cone beam computed tomography. International Journal of Oral & Maxillofacial Implants, 28(2). 
 
Rosati, R., Rossetti, A., De Menezes, M., Ferrario, V. F., & Sforza, C. (2012). The occlusal plane 
in the facial context: inter-operator repeatability of a new three-dimensional method. 
International journal of oral science, 4(1), 34-37. 
 
Roth, R. H. (1987). The straight-wire appliance 17 years later. Journal of clinical orthodontics: 
JCO, 21(9), 632. 
 
Scarfe, W. C., & Farman, A. G. (2008). What is cone-beam CT and how does it work?. Dental 
Clinics of North America, 52(4), 707-730. 
 
Scarfe, W. C., Li, Z., Aboelmaaty, W., Scott, S. A., & Farman, A. G. (2012a). Maxillofacial cone 
beam computed tomography: essence, elements and steps to interpretation. Australian dental 
journal, 57(s1), 46-60. 
 
Scarfe, W. C. (2012b). A comparison of maxillofacial CBCT and medical CT. Atlas of the Oral 
and Maxillofacial Surgery Clinics of North America: Digital Technologies in Oral and 
Maxillofacial Surgery, 20(1), 1. 
 
Shanbhag, S., Shanbhag, V., & Stavropoulos, A. (2014). Volume changes of maxillary sinus 
augmentations over time: a systematic review. International Journal of Oral & Maxillofacial 
Implants, 29(4). 
 
Song, J. M., Lee, J. Y., & Kim, Y. D. (2015). CBCT Morphologic Analysis of Edentulous 
Posterior Mandible for Mandibular Body Bone Graft. Journal of Oral Implantology, 41(4), 477-
482. 
 
Stratemann, S. A., Huang, J. C., Maki, K., Miller, A. J., & Hatcher, D. C. (2014). Comparison of 
cone beam computed tomography imaging with physical measures. Dentomaxillofacial 
Radiology. 
 
    85 
Tarnow, D. P., Cho, S. C., & Wallace, S. S. (2000). The effect of inter-implant distance on the 
height of inter-implant bone crest. Journal of periodontology, 71(4), 546-549. 
 
Tarnow, D., Elian, N., Fletcher, P., Froum, S., Magner, A., Cho, S. C., ... & Garber, D. A. 
(2003). Vertical distance from the crest of bone to the height of the interproximal papilla 
between adjacent implants. Journal of periodontology, 74(12), 1785-1788. 
 
Taylor, R. M. S. (1969). Variation in form of human teeth: I. An anthropologic and forensic 
study of maxillary incisors. Journal of dental research, 48(1), 5-16. 
 
Thayer, T. A. (1990). Effects of functional versus bisected occlusal planes on the Wits appraisal. 
American Journal of Orthodontics and Dentofacial Orthopedics, 97(5), 422-426. 
 
Thönissen, P., Ermer, M. A., Schmelzeisen, R., Gutwald, R., Metzger, M. C., & Bittermann, G. 
(2015). Sensitivity and specificity of cone beam computed tomography in thin bony structures in 
maxillofacial surgery–A clinical trial. Journal of Cranio-Maxillofacial Surgery, 43(7), 1284-
1288. 
 
Tomasi, C., Bressan, E., Corazza, B., Mazzoleni, S., Stellini, E., & Lith, A. (2014). Reliability 
and reproducibility of linear mandible measurements with the use of a cone-beam computed 
tomography and two object inclinations. Dentomaxillofacial Radiology. 
 
Tong, H., Kwon, D., Shi, J., Sakai, N., Enciso, R., & Sameshima, G. T. (2012). Mesiodistal 
angulation and faciolingual inclination of each whole tooth in 3-dimensional space in patients 
with near-normal occlusion. American Journal of Orthodontics and Dentofacial Orthopedics, 
141(5), 604-617. 
 
Uribe, F., Chau, V., Padala, S., Neace, W. P., Cutrera, A., & Nanda, R. (2013). Alveolar ridge 
width and height changes after orthodontic space opening in patients congenitally missing 
maxillary lateral incisors. The European Journal of Orthodontics, 35(1), 87-92. 
 
van Loenen, M., Degrieck, J., De Pauw, G., & Dermaut, L. (2005). Anterior tooth morphology 
and its effect on torque. The European Journal of Orthodontics, 27(3), 258-262. 
 
Vermylen, K., De Quincey, G. N., Van't Hof, M. A., Wolffe, G. N., & Renggli, H. H. (2005). 
Classification, reproducibility and prevalence of root proximity in periodontal patients. Journal 
of clinical periodontology, 32(3), 254-259. 
 
Weinberg, L. A. (1993). The biomechanics of force distribution in implant-supported prostheses. 
International Journal of Oral and Maxillofacial Implants, 8, 19-19. 
 
White, S. C., & Pharoah, M. J. (2014). Oral radiology: principles and interpretation. Elsevier 
Health Sciences. 
 
Worthington, P., Rubenstein, J., & Hatcher, D. C. (2010). The role of cone-beam computed 
tomography in the planning and placement of implants. The Journal of the American Dental 
    86 
Association, 141, 19S-24S. 
 
Ziegler, C. M., Woertche, R., Brief, J., & Hassfeld, S. (2002). Clinical indications for digital 
volume tomography in oral and maxillofacial surgery. Dentomaxillofacial Radiology, 31(2), 
126-130. 
  
    87 
WonGi, Lee, D.D.S  
 100 E Newton Street, Boston, MA, 02118, E-Mail: Wonginize@gmail.com 
Objective 
Looking for an opportunity in dentistry with focused on periodontal treatment and implant dentistry. 
With motivation and ambition, I would like to learn the latest cutting-edge technology and modern 
dentistry. With good communication skill, I would like to provide the quality of treatment to patients 
and community. With providing healthcare education to patients and providers, I would like to 
improve public and community health care. 
 
Education  
New England College    May, 2005, Henniker, NH 
Degree: B.S     Major: Biomedical Science (Suma Cum Laude) 
 
Northeastern University    May, 2006, Boston, MA   
Degree: M.S (leave of absence)   Major: Pharmacology  
 
State University of New York at Buffalo  May, 2010, Buffalo, NY 
Degree: D.D.S,     Major: Dentistry   
 
Boston University     June, 2016, Boston, MA  
Degree: C.A.G.S/MSD,    Specialty: Periodontology  
 
 
Experience/ Certification 
BLS, ACLS 
Botox Certification            May, 2014  
South Korea Army at 22nd Medical Infantry        Aug, 2010  - May, 2012 
Remote Area Medical (RAM) Charity         2009, 2014 
Summer Externship at OMFS department of SUNY at buffalo      Summer, 2009 
Summer Externship at Emergency Clinic of SUNY at buffalo       Summer, 2009 
 
 
